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PREFACE 


There are two methods of teaching Zoology. One method is to 
deal with a limited number of selected types one by one, and the 
other is to compare corresponding parts of a number of different 
animals. Each method has its advantages and its drawbacks. The 
type method is essential for gaining acquaintance with actual animals, 
and is of fundamental importance from the fact that it permits of 
practical study of the complete animals themselves. It cannot be too 
much emphasised that Zkmlogy is the study of animals, and not the 
study of books written about them. That being so, it is obviously 
more convenient to dissect and study one type thoroughly before 
passing on to the next, than to have a number of dissections of 
corresponding portions of several animals all going on at the same 
time. The first two parts of this book are devoted to a study of types 
carefully selected so as to be pf the greatest utility in the interpreta- 
tion of other forms. Part I deals with the adult structure, and Part II 
with the modes of development. 

While the type method is necessary for a start, it is attended with 
certain dangers. Too much attention may be paid to the types them- 
selves and too little to the other animals of which they are but only 
in a general way typical. There is also the danger that "... a multi- 
tude of facts overcrowd the memory if they do not lead us to estab- 
lish principles ” I have sought to rem^y this with the help of a 

comparative treatment of the various organ-systems, which forms 
the subject of Part III. In this part, the information obtained in 
Parts I and II is woven into a framework, and other am'mals of 
interest are interpolated, so as to present a general view of the organ- 
systems from the evolutionary and functional poidts of view. By this 
means, it is possible to mention. the significant points of certain 
animals which are unsuited to be taken as types in themselves. In 
many cases these interpolated animals are fossils, from the frag- 
mentary knowledge of which it would be impossible to construct a 
suflkriently instructive type. 

The use of this comparative treatment following upon the 
descriptions of types ent^s a certain amount of repetition, and 
this is intentional. Unfamiliar facts, which by themselves may 
be devoid of any particular interest, acquire an added attractiveness 
and significance when they are introduced under more than one 
setting. 
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Lastly, in Part IV the types and comparisons are woven together 
into a whole, and treated as a history of the chief groups of verte- 
brate animals. It is hoped that the general nature of the treatment of 
the characteristic features of vertebrates, and the inclusion of a 
section dealing with the afiinities and evolution of the human race, 
may not i)e without interest for the human anatomist. 

A few words may be added with regard to the types. They are 
selected and treated not only for their intrinsic importance, but also 
as introductions to the next types. The description of each type is 
therefore to some extent based on previous types. So the dogfish is 
not only an example of a primitive fish, but it also provides the 
material on which the disposition of the arterial arches and cranial 


nerves may be studied, and the knowledge so obtained is used in the 
interpretation of all higher types. Similarly, Gadus serves as an 
introduction to the bones of the skull, and Triton introduces the 
limb of the land-vertebrate. This must explain what may appear to 
be a lack of balance in the treatment of certain types. 

Apart from the more ordinary dissections and observations which 
I have been able to make personally, 1 am indebted for sources of 
information chiefly to the teaching of the Oxford school of Zoology, 
and in particular to Professor E. S. Goodrich, F.R.S., whose 
principles I have largely attempted, however unsuccessfully, to 
follow. I wish to record my gratitude to him for his general guidance 
in many matters, and for the facilities which I have enjoyed in the 
Department of Zoology and Comparative Anatomy of the Oxford 
University Museum, 


On occasion, I have had the privilege of discussing certain matters 
with Professor G, Elliot Smith. F.R.S., Professor C. Judson Herrick. 
Professor J P. Hill. F.R.S.. Professor Sir Charles Sherrington, O.M., 
F.R S.. Professor W. J. Sollas. F.R.S.. Professor A. Thomson, and 
Professor D M. S. Watson, F.R.S. To all of them I wish to make 
due acknowledgment for the help which their information and 
advice have afforded me. To my friend and colleague Mr. B. W 
Tucker I am especially indebted for reading the MS., and for making 
sacral valuable and helpful suggestions. I take great pleasure in 
wording my thanks to Professor Julian Huxley, F.R.S., without 
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PART I 


MORPHOLOGICAL TYPES 

CHAPTER I 

THE VERTEBRATE TYPE AS CONTRASTED WITH 
THE INVERTEBRATE 

Although Vertebrate animals form the subject of this book, it 
must be said at once that, strictly, the term Chordate would be more 
correct as a title. The chorda dorsalis or notochord, from which the 
name is derived, made its appearance earlier in evolution than the 
vertebral column. There are therefore some animals which have a 
notochord but no vertebral column. On the other hand, all animals 
with a vertebral column also have a notochord at some time in 
their lives. 

The term Vertebrate is used here partly because it is equivalent 
in importance to Invertebrate, and the most usual division of the 
animal kingdom lies between these two, and partly because attention 
is here paid particularly to the higher groups of “true” vertebrates. 
The lowly and peculiar Balanoglossids as well as the degenerate 
Ascidians will be left largely out of account, since they are not of 
much assistance in tracing the evolutionary history of the higher 
forms. Amphioxus as representative of the Cephalochordates, how- 
ever, must be carefully considered on account of the help which it 
gives in interpreting and understanding various matters in higher 
forms. 

The first necessity is to be clear as to what a chordate or vertebrate 
animal is, and how it differs in plan of structure from invertebrate 
animals (as typified, say, by Annelids or Arthropods). 

A vertebrate is bilaterally symmetrical and moves typically in one 
direction with one side constantly presented upwards. A coelom is 
present and the body, which is elongated from front to rear, is 
made up of a linear series of more or less similar blocks or segments. 
This repetition of parts or metameric segmentation affects tissues 
derived from all three of the primary layers from which the animal 
develops (see Chapter XI). 

The gut on its way from mouth to anus is suspended in a fold of 
coelomic epithelium forming a dorsal mesentery. The coelomic cavity 
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can be sq)arated into the following regions. The dorsal parts of the 
coelomic epithelium form the somites, which are segmentally 
arranged, and give rise to plates of muscle, or myotomes, one pair 
to each segment. The portion of coelomic space associated with each 
myotome is a myocoel. The myocoel is bounded mesially by the 
myotome, and laterally by the cutis-layer of the coelomic epithelium. 
Slightly ventral to each myotome is a region of coelomic epithelium 
which gives rise to excretory tubes (coelomoducts). This region is the 
nephrotome and its cavity the nephrocoel, also metamerically 
segmented. The ventral region of the coelom is lined by epithelium 
(peritoneum) which forms the splanchnopleur where it is applied to 
the gut, and the somatopleur applied to the outer wall of the body. 
In this region the cavity is call^ the splanchnocoel. 

^ The splanchnocoel is continuous from end to end of the animal, 
and uninterrupted by partitions or septa, except for that which 
separates an anterior pericardial from a posterior perivisceral space. 
This amounts to saying that the segmentation of the mesoderm docs 
not persist in the ventral region. In higher forms much use is made 
of the free and uninterrupted space afforded by the splanchnocoel 
for the accommodation of longitudinal excretory and genital ducts, 
extensions of the liver and lungs, and coilings of the gut. 

It is customary to refer to the dorsal segmented regions of the 
mesoderm as vertebral plate, and to the ventral unsegmented portions 
as lateral plate. 

The gut is primitively straight, leading from a mouth at the 
anterior end to an anus; the latter is not at the extreme posterior 
end of the animal but some distance in front of it. Behind the anus 
is a well developed tail containing tissue derived from all three germ- 
layers. The possession of such a structure is one of the character- 
istics of the type as opposed to most invertebrates. 

The blood flows in well-marked channels, and the direction of flow 
is forwards ventrally and backwards dorsally, which is the reverse 
of the invertebrate condition. The heart is ventral. Blood is led from 
the intestine to the liver by a hepatic portal vessel. A “portal” vessel 
is a vein which differs from others in that it not only starts from 
capillaries, but breaks up into capillaries again at the other end. The 
hepatic portal vein therefore runs from the capillaries of the intestine 
to those of the liver, and “carries” digested food-products thither. 
Ordinary veins do not break up into capillaries again, but connect 
with other veins and lead to the heart. 

The nervous system is in the form of a hollow tube which runs all 
the way down the dorsal side of the animal, and contrasts sharply 
with the chief invertebrate type of two solid ventral nerve-cords, 
swelling out into ganglia in each segment. In vertebrates, the nerves 
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Figure 1 (upper block). Schematic view of a typical chordate animal in 
the region of the gill-slits. 

Part of the wall of the body is represented as removed in order to reveal the 

interior. 

Figure 2 (lower block). Transverse section through a typical chordate 
animal (an embryo dogfish). 

c, splanchnocoel; cutis-layer or dermatome; da, dorsal aorta; dn, dorsal 
nerve-root; g, gut; gj, gill-slit; m, myotome; me, myocoel; ms, mesentery; 

n, notochord; nc, nerve-cord; nl, nephroccel; nr, neural crest; nt, nephrotome; 

o, opening of gill-slit; sc, sclerotome; si, sub-intestinal blood-vessel; so, somato- 
pleur or body-wall; sp, splanchnopleur or gut-wall; v, blood-vessel running in 
the gill-arch between the gill-slits; vn, ventral nerve-root. 
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are of two kinds, issuing from the nerve-tube by dorsal or by ventral 
roots. 

The primitive respiratory system of vertebrates is equally dis- 
tinctive, and consists of a number (usually five or six) of pairs of 
openings which lead from the front part of the gut to the outside— 
the gill-slits with their contained gills. These structures are among 
the most important, not only on account of their distinctiveness, but 
also because of the modifications which they undergo and the 
consequences which follow from their possession in evolution. The 
higher vertebrates breathe by means of lungs, which are sacs pushed 
out from the gut. 

Running down the back of the animal, above the gut and beneath 
the nerve-tube, is a slender elastic rod which acts as a primitive 
skeleton. This is the notochord, which in higher forms is more or 
less obliterated and replaced by the backbone or vertebral column. 
The main skeleton of vertebrates is internal and not outside the body 
as in many invertebrates. 

The higher forms have appendages, either fins or limbs, four in 
number arranged in two pairs. They are composed of tissue derived 
from several segments, not from one only as in invertebrates. 

The differences and similarities between this fundamental plan and 
that of invertebrates may conveniently be set out in tabular form. 

Vertebrates and most higher Invertebrates agree in being: 
bilaterally symmetrical; 
cslomate; 

metamerically segmented. 

Vertebrates differ from Invertebrates in having: 
a notochord; 

a dorsal and tubular nerve-cord; 
gill-slits; 
a post-anal tail; 

a ventral heart through which blood flows forwards; 

main skeleton internal; 

appendages formed from several segments; 

a hepatic portal system; 

dorsal and ventral nerve-roots. 



CHAPTER 11 


AMPHIOXUS, A PRIMITIVE CHORDATE 

A THOROUGH knowledge of the type which forms the subject of this 
chapter is fundamental for the study of vertebrates. 

EXTBKH kLS.—Amphioxus lanceolatus is a small animal (about 
2 inches long) found in shallow seas with a sandy bottom in which 
it burrows. It is elongated and pointed at each end, from which fact 
it derives its name. The body is compressed from side to side and is 
capable of rapid movement by swimming, though it usually stays 
embedded in sand, feeding with only the mouth protruding. Both 
ends of the animal are expanded into thin vertic^ fins, which are 
joined by a shallow fin running ail along the middle line of the back. 
The fin also extends a short distance forwards from the hind end 



a, anus; ap, atriopoie; be, buccal cirrhi; g, gonad; gs, gill-slits; n, notochord; 

I, tail. 

on the ventral side. This median fin is of simple structure; it is 
supported by a row of stiffeners known as “fin-ray boxes.” These are 
made of connective tissue, and they are more numerous than the 
segments of the body. Along the dorsal fin the fin-ray boxes are 
arranged in a single row, but along the short ventral fin there is a 
double row of fin-ray boxes. 

The epidermis is only one-cell thick, as in many invertebrates. 
Underlying the epidermis is the mesodermal dermis, which, in 
Amphioxus, takes the form of gelatinous connective tissue. Epidermis 
and dermis together form what is ordinarily known as the skin. 
Beneath the skin the myotomes of the body are arranged in a 
continuous row from front to rear. Seen from the side and visible 
through the skin they are markedly V-shaped, with the apex pointing 
forwards. Those of one side alternate with those of the other. 
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The ventral side of the front end of the animal is expanded to 
form the oral hood* The sides of the oral hood (which are not quite 
symmetrical) bear a fringe of buccal cirrhi, each one supported by 
a small jointed skeleton. The cirrhi bear sense-organs. On the under 



surface of the oral hood the epithelium is modified in places into a 
ciliated organ (the organ of Muller, or wheel-organ) whose function 
it is to create a current of water flowing towards the mouth. Slightly 
to the right of the middle line, a small depression opens into the 
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cavity of the oral hood, known as Hatschek’s jat. (Ike devdopment 
of this interesting structure is d^ctibed on p. 136.) 

The mouth is situated at the hind end of the oral hood, and is a 
circular apoture pierced throu^ a vntfeal transvttse plate, the 
vdum. The size of the opening is regulated by a circular sphincter 
muscle. In addition, there are twelve velar tentades arising from 
the rim of the mouth, provided with sense-organs. Their function is 
to act as a strainer across the mouth-opening. 

The anus opens not at but near the hind end of the body on the 
ventral surface, slightly to the left of the middle line owing to the 
median position of the ventral fin. Just in front of the ventral fin is 
another aperture, the atriopore, the significance of which will be 
understood with a knowledge of the structure of the atrium. 

Other external features to be noticed are the olfactory (or 
Kdlliker’s) pit on the left side of the body very near the front end, 
and the metapleural folds of the atrium. The gonads can also be seen 
from the outside, as a row of sacs between the mouth and the 
atriopore. 

ALIMENTARY SYSTEM.— The gut leads straight from the mouth 
to the anus without any loops or kinks. The anterior half of it is 
the pharynx, the posterior is the intestine. A blind outpushing is 
given off on the right side from the front of the intestine, forming 
the so-called liver-diverticulum, which, since it probably does not 
represent the liver of other vertebrates, is better called the mid-gut 
diverticulum. The gut is suspended by a dorsal mesentery, and its 
lining is ciliated. It is surrounded by a thin coat of smooth muscle. 

The side walls of the pharynx are perforated by a large number of 
gill-slits, openings which slant forwards from below up. For this 
reason several gill-slits will be cut in a single transverse section. 

CILIARY MODE OF FEEDING. — Along the whole length of the 
dorsal wall of the pharynx runs a ciliated groove known as the 
hyperphaiyngeal groove. Anteriorly this groove connects with two 
tracts of ciliated cells, the peripharyngeal bands which pass round 
one on each side behind the mouth and down to the floor of the 
pharynx. There they join the endostyle, which extends all the way 
back through the pharyngeal region. The endostyle consists of four 
tracts of glandular cells, separated by tracts of filiated cells. The 
glandular cells secrete a sticky mucus which, by the action of the 
cilia, is driven forwards and sideways up the gill-bars, and round the 
peripharyngeal bands, where food particles become entangled in it. 
The food particles have been swept into the mouth with the current 
of water made by the cilia of the wheel-organ and gill-bars. Mucus 
and food then get carried into the hyperpharyng^ groove and back 
to the intestine. By this means the food is carried safely back through 
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the pharynx as by a moving stairway, and is not lost with the water 
which streams out through th^ giU-slits. 

The ciliary method of feeding is primitive. From the nature of 
its mechanism it can only supply particles of food of small size, and 
therdbre it can only occur in smallish animals. In higher forms in 
which other methods such as biting or sucking have been adopted 
for procuring food, the endostyle is no longer required to secrete a 
mucus *‘fly-paper”; it becomes modified in a most striking way and 
gives rise to the thyroid gland (see p. 344). 



Figure 7. Amphioxus: trans- 
verse section through the 
endostyle showing the cilia, 
the four tracts of glandular 
cells (gc), the subendostylar 
coelom (se), and the ventral 
aorta (vn). 


Figure 8. Amphioxus: transverse section 
through two primary {pg) and one 
secondary {sg) gill-bars. 

ae, atrial epithelium; 6, blood-vessel; c, 
ccelomic cavity in the primary gill-bars; 
sk, skeletal rods of the gill-bars. 


ATRIUM.— -The gill-slits do not open directly to the outside world 
but into a cavity known as the atrium, which in its turn opens to the 
exterior near its posterior extremity by the atriopore. On the right 
side of the body (but not on the left) the atrium extends back behind 
the atriopore as a blind sac nearly as far as the anus. The atrium has 
been formed by folds of the body-wall above the gill-slits growing 
down on each side (the metapleural folds) and meeting underneath 
what is the true ventral surface of the animal. The space of the 
atrium therefore represents a portion of the. outside world, and is 
lined entirely by ectoderm. The low ridges running along the ventro- 
lateral edge of each of the atrial folds are the metapleural folds, and 
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between them, meeting in the middle line, are the epipleurs, in the 
form of horizontal shelves. These "close off the atrial cavity (sec 
p. 142). The atrium is closed in front so that all the water which 
enters it does so through the gill-slits and passes out of the atriopore. 
Where the pharynx passes into the intestine, a pair of conical out- 
pushings of the atrium project into the dorsal ccelomic cavities, one 
on each side, forming the so-called ''brown funnels^’ (see p. 13). 
The function of the atrium is to protect the pharyngeal region, which 
is very vulnerable owing to the gill-slits. 



Figure 9. Amphioxus: view of the dorsal portion of the pharynx and gill* 
slits (gs), showing the nephridia (n). 

on, opening of the nephridium into the atrium; primary gill-bar; s, synapti- 
culum; sg, secondary gill*bar 

RESPIRATORY SYSTEM. — At early stages the gill-slits corres- 
ponded to the segmentation of the body, but more and more of 
them are formed (up to 180) and the correspondence is lost. The 
gill-slits are separated from each other by gill-bars, the inner surface 
of which is covered by endodermal, the outer by ectodermal tissue 
(forming the inner wall of the atrium). There are two kinds of gill- 
Ws: primary, and secondary or tongue-bars. All the bars have a 
skeletal rod (composed of a chitin-like substance) passing down them 
and stiffening them. The rods of the secondary bars end simply at 
their ventral ends, while those of the primary bars bifurcate. Another 
difference is that the primary bars contain a portion of c celomic 
cavity while the secondary bars do not. The bars are strongly ciliated, 
and by the activity of these cilia water is forced through the slits into 
the atrium. As the water passes between the gill-bars, the blood 
circulating in the blood-vessels of the latter becomes oxygenated. 
There arc three vessels in each primary bar and two in each secondary 
bar; the vessels in the secondary bars are connected with those in 
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the primary bars by vessels runmog in the synapticula, or connecUng 
struts^ 

VASCULAR SYSTEM.— Runnii^ forward under the floor of the 
pharynx beneath the endostyle is the ventral aorta. There is no 
specialised heart, but this aorta is contractile, and propels the blood 
into the afierent branchial arteries which run to the primary gill-bars. 
At the base of the bars these arteries swell into little contractile 
bulbils and divide into the three vessels w,hich run up the bars. The 
secondary bars obtain blood in their two vessels indirectly from the 
primary bars through the vessels in the synapticula. Branches are 
sent to the excretory organs (nephridia, see p. 13) which are thereby 
enabled to extract the excretory products from the blood. 

From the gill-bars the blood is collected into the efferent branchial 
vessels which run to the lateral dorsal aorts, one on each side of 
the mesentery, just above the hyperpharyngcal groove. Behind the 
pharynx they join to form the single dorsal aorta, which carries 
blood back to the posterior regions of the body. In the septa separ- 
ating each pair of adjacent myotomes, segmental vessels leave the 
aorta and distribute blood locally. The blood is collected up again 
into the sub-intestinal vessel which runs forwards beneath the 
intestine from the hind end of the body. It breaks up into capillaries 
in the region of the mid-gut diverticulum. From this mid-gut 
diverticulum the vessel runs forwards beneath the endostyle of 
the pharynx as the ventral aorta. There are also paired cardinal 
veins running in the body-wall at the level of the gonads, and 
extending forwards in the region of the pharynx and backwards to 
the tail. These veins connect with the subintcstinal vessel by trans- 
verse veins, the ductus Cuvieri, on each side, which bridge across 
the coelom. The blood is colourless. 

COELOM. — The relations of the coelom are of great importance. 
The myotomes of the body are separated by septa (between the 
segments), but they do not fit the septa closely. Small spaces arc 
left which are remnants of the myocoels. 

Behind the pharynx the relations of the coelom are quite simple 
and typical. The gut is suspended by a dorsal mesentery in a spacious 
splanchnocoeL In the pharyngeal region, however, the relations arc 
slightly complicated by the presence of the gill-slits. Since these slits 
are openings from the gut to the outside (morphologically, ignoring 
the atrium) they form connexions between the gut-wall and the 
body-wall, and thereby necessarily obliterate the coelom in places. 
The coelom, therefore, is restricted to the regions between the slits, 
i.c. to the gill-bars. The coelom is perfectly noxmal above and below 
the level of the gill-slits. Accordingly, there are a pair of dorsa 
coelomic cavities, separated from one another in the middle line by 
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the dorsal mesoitery; and a ventral co&lomic cavity known from its 
position as the sub-endostylar coelom. The latter is in open com- 
munication with the dorsal coeloms on each side by means of the 
codomic canals in the primary gill-bars. There are no coelomic canals 
in the secondary or tongue bars, for they are later developments 
which divide the original gill-slits into two. The relations of the 
cceiom are not difficult to understand when it is remembered that 
relicts are left between the slits in the primary gill-bars. 

Into each dorsal cmlomic cavity a conical outpushing of the 
atrium projects, from the region just behind the gill-slits. The apex 
of the cone points forwards, and so lies dorsal to the hindmost 
gill-slits. These structures are the so-called “brown funnels”, of 
doubtful signiiipance (see p. 10). 

EXCRETORY SYSTEM. — ^Thc excrctory organs of Antpkioxus are 
remarkable in that they are nephridia. In all other choidates the 
excretory organs are codomoducts or mesodermal kidneys (see p. 27). 
The nephridia lie over the gill-slits, project into the dorsal ccdomic 
cavities and extend a short way down the coelomic canals in the 
primary bars in the form of small bent tubes. Each nephridium bears 
bunches of flame-cells or solenocytes, like hollow pins with a whip 
or flagellum hanging down inside from the head, and serving to 
flush out the contents. There is no internal opening to the nephridia, 
which derive the products which they excrete from the blood-vessels 
and ccelomic fluid by diffusion. The nephridia open into the atrium 
(that is, morphologically to the outside) by small pores situated near 
the top of the secondary gill-bars. They are segmental in origin. 

Therb is another nephridium at the front of the animal, lying dorsal 
to the oral hood near the middle line. It opens into the pharynx just 
behind the mouth, and is known as Hatschek’s nephridium. No 
chordates other than Amphioxus are known to possess nephridia. 

GENITAL SYSTEM. — ^Thc sexcs are separate, but very similar in 
appearance. The gonads are pouches of gcrm-cclls arranged in a row 
on each side of the body from about the 10th to the 36th segments, 

Figure 10. Amphioxus : transverse sections through the body in the regions 
of A, Kolliker’s pit; B, Hatschek’s pit; C, the anterior region of the 
pharynx; D, the posterior region of the pharynx; E, between pharynx 
and atrioporc; F, the atriopore; G, between atriopore and anus; 
H, the anus. 

a, anus; ap, atriopore; at, atrium; be, buccal cirrhi; bf, brown funnel; c, 
cedom; da, dorsal aorta; dc, dorsal ccelomic canal (in the region of the ph£^nx); 

doi^ fin; dn, dorsal nerve-root; e, eye-spot; en, endostyle; ep, epipleur; 
fr, fin-ray box; g, gonad; gs, gill-slit; hg, hyperphaiyngeal ciliated groove; 
Hp, Hatschek’s pit i, intestine; Kp, Kdlliker’s pit; /, mid-gut diverticulum; Ida, 
lateral dorsal aorta; m, myotome; me, myoccel; rrip, metapleural fold; n, 
notochord; ne, nerve-cord ; oh, oral hood; p, pharynx; pa, extension of the atrium 
behind the atriopore; sc, subendostylar coelomic canal; v/, ventral fin; v/i, ventral 
nerve-root. 
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in the region of the Whra these pouches are full they bulge 

into the atrium; but they must not be considered as lying in the 
atrium, for they are sq>arated from it by the whole thickness of the 
body*wall. The s^mental arrangement of the pouches is more or 
less preserved. When ripe, the germ-cells burst out of the pouches 
and pierce the body-wall, thus finding themselves in the atrium. 
From here they make their way to the outside through the atriopore. 
The cavity of the pouches is, of course, coelomic. 

SKELETON. ^Reference has already been made to the skeletal 
supports of the buccal drrhi and to those of the gill-bars. The most 
important skeletal structure of Amphioxus is, of course, the noto- 
chord. This elastic rod extends from end to end of the animal, dorsal 
to the gut and ventral to the nerve-cord. Its extreme extension, 
almost to the tips of the anterior and posterior fins, is noteworthy. 

NERVOUS SYSTEM. — ^The central nervous system consists of a 
straight tube running all the way down the back of the animal, 
dorsal to the notochord and ventral to the fin-ray boxes. KOlliker’s 
pit on the left side of the snout represents the spot where the cavity 
of the tube opened to the exterior at earlier stages (the neuropore). 

The cavity of the nerve-tube is enlarged at its front end forming 
the cerebral vesicle. At the same time the external diameter of the 
tube remains the same; its walls are here therefore thinner. This 
specialisation is in Amphioxus the only indication of a brain. At the 
front end of the nerve-tube is a pigment-spot, to be regarded as a 
visual organ. Other such pigment-spots, or primitive “eyes”, are to 
be found further back near the central cai^al. 

On each side of the body the nerve-cord gives off nerves,^ which 
arc of two kinds, dorsal and ventral. In each segment on each side 
of the body there is one dorsal nerve-root and one bunch of ventral 
nerve-roots. The ventral roots are distributed solely to the muscle- 
fibres in the myotome of that segment, and are “motor” nerves. The 
dorsal roots arc concerned with transmitting impulses received from 
the sense-organs all over the skin (especially numerous on the buccal 
cirrhi), and with innervating the smooth musculature of the gut and 
atrium. The axons which go to make up the sensory or afferent 
fibres of the dorsal nerve-roots are derived in part from neurons in 
the neural tube and in part from centripetal processes formed directly 
from the sensory cells in the skin. The sensory cells therefore convey 
their impulses direct to the central nervous system on the plan 
characteristic of many invertebrates. In all forms above Amphioxus^ 
all the impulses arc collected from the sensory cells by axons derived 
from other nerve-cells, whose nuclei lie in swellings or ganglia on 
the dorsal nerve-roots. Amphioxus is therefore primitive in not 
possessing these ganglia or nerve-cells. 
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The most anterior two pairs of roots me dorsal, and have no 
ventral roots corre^nding to them. Th^ innervate tito sensoor^ms 
of the snout, oral hood, and buccal oirrhi. 

While reviewing the foregoing description of An^Uoxus an im> 
portant analysis can be made. In the lij^t of knowledge o{ other 
forms, the characteristics of an animal can be divided into two 
classes; primitive and specialised. There are those characters which 
are developed and perfected in the process of evolution to the next 
stage, and which are therefore simpler at the stage in question (in 
this case Amphipxus). A primitive character of this kind is shown by 
the vascular system of Amphioxus. There are also negative charactms, 
for the later evolutionary stage may possess structures which the 
present stage lacks. The absence of a specialised head in An^ioxus 
is an example of a primitive negative character of this kind. Then 
there are characters of which it cannot be said that they are simpler 
than those of the next evolutionary stage, nor that they lead on to 
them, but which can be considered as historically primitive in the 
sense that they occur at early stages but not at later ones. The ciliary 
method of feeding is an historically primitive character of this kind: 
it preceded the jaw-method of feeding in time, but was not simpler 
than the latter method, nor did it lead up* to it. 

All primitive characters imply the possibility of progress in evolu- 
tion. On the other hand, there are certain characters which have not 
only not contributed to the progress in evolution to the next stage, 
but have debarred their possessors from ever evolving to that stage. 
Such specialised or secondary characters are typified by the atrium 
of Amphioxus, 

The analysis may conveniently be set out in tabular form: 


, AMPfflOXUS 

'-'^Primitive Characters. 

Ciliary mode of feeding, with endostyle; 

Epidermis one-cell thick; 

Afferent nerve-fibres derived from sensory cells; 

Complete row of segmented myotomes from front to rear; 
Very slight specialisation of brain; 

No specialist head; 

No paired limbs or paired sense-organs; 

No specialised heart; 

Gonads segmental, without special ducts; 

Nephridia; segmentally arranged; 

Simple and unbrancht mid-gut diverticulum. 
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Specialised Characters. 

Atrium; 

Extra large number of gill-slits, having lost correspondence 
with the segmentation of the body; 

Tongue-bars; 

Asymmetry of oral hood and early development; 

Extreme anterior extension of the notochord. 

The large number of its primitive characters show that Amphioxus 
is a primitive animal, i.e. related to the original ancestors from 
which all chordates evolved. The secondary characters which 
Amphioxus possesses, however, show that it is not on the direct line 
of chordate descent. 

V 
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CHAPTER III 


PETROMYZON, A CHORDATE WITH A SKULL, 
HEART, AND KIDNEY 

Externals.— Pf/romjl'zon, commonly known as the lamprey, is 
an elongated animal not unlike a fish, but without paired fins or 
jaws. Some species live in fresh water, and others in the sea. Their 
length varies from a few inches to about four feet. 

The slimy epidermis is about a dozen cells in thickness and con- 
tains glands. In the middle line the skin is produced into median 
fins, two on the back and one round the tail. These fins are stifiened 
only by rays of cartilage. 

At the front there is a circular mouth surrounded by horny teeth. 
Behind the mouth on each side is a small deep-set eye, and then 
seven apertures in a row. These are the external openings of the gill- 
pouches. Dorsally, in the middle line near the front, there is a small 
hole which is the single median opening of the nasal sacs and the 
hypophysial cavity (see p. 345). The anus is in the mid-ventral line, 
not far in front of the ventral portion of the tail-fin. 

Through the mouth there protrudes a rasping organ called the 
“ tongue ”, which like the sides of the mouth is covered with horny 
teeth. These teeth are little cones, formed from the ectoderm, and 
replaced from underneath when worn away. They must be carefully 
distinguished from the teeth of all higher forms, which are of a 
different nature. 

The lamprey fastens itself by means of its circular and sucker- 
like mouth on to its food (mostly fish), and rasps at it with its tongue. 
This method of feeding is very specialised and almost degenerate; 
and it has brought about several specialisations in the structure of 
the animal. The horny teeth are one of these. 

HEAD.— The outstanding advance which the lamprey shows 
over the condition of Amphioxus is the possession of a definite head. 
A head is a specialisation of the anterior region of the body brought 
about in connexion with : 

the development of paired sense-organs for perception at a 
distance; 

the correlated specialisation of the nerve-tube into a brain. 

To these is added in higher forms the specialisation of the most 
2— V.Z. 17 
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Figure 1 1. Pctrotnvzofi: view from the left side. 

Figure 1 2. Petromyzon ; median longitudinal section through the anterior 
region of the body of an adult. 

Figure J3. Petromyzon: median longitudinal section through the anterior 
region of the body of an Ammocoetc larva. 

6, brain; bd^ branchial duct; r/, urinogenital aperture ; da, dorsal aorta; df, 
dorsal hn; eye; en, endostyle; gp, gill-pouch; h, heart; hs, hypophysial sac; ht, 
homy “teeth**; /, intestine; k, kidney; /, liver; n, notochord; nc, nerve-cord; ns, 
nostril; og, owning of the gill-pouches; oo, olfactory organ; p, pharynx; pb, 
peripharyngeal ciliated band; pc, pericardium; pn, pronephros; pv, perivisceral 
ceelom; sm, sucking mouth; /, rasping tongue; //, tail-fin; v (in Fig. 12), ventricle; 
V (in Fig. 13), velum; vo, ventral aorta. 
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anterior giU-bars into jaws for the capture of food; but this need 
not be considered here as the lamprey has no jaws. The organs of 
the head are protected by a special sk^tal structure called the skull. 

SBNSB-oiiGANS.'^The nose consists of two sacs invaginated 
from the skin» and whose epithelium is specialised for the percqption 
and detection of chemical substances. This epithelium sends nerve- 
fibres to the brain, forming the olfactory nerves. While the paired 
nature of the olfactory organ is easily seen on dissection, it is out- 
wardly obscured by the great expansion and upgrowth on each side 
of the region corresponding to the upper lip. This modification 
causes both the nasal pits and the hypophysial sac to open to the 
outside by a single common median dorsal pore. 

The main rudiments of the paired eyes in development grow out 
from the brain on each side, giving rise to the optic vesicles. The 
outer side of each vesicle is pushed in so as to convert it into a cup, 
and the lens (developed from the superficial skin) fits into the mouth 
of the cup, just beneath its rim. The inner layer of the cup contains 
the cells which are sensitive to light, and form the retina; the outer 
layer forms a backing of pigment. Outside this again, two mesoder- 
mal layers are laid on. The innermost of these is the choroid which 
contains blood-vessels, the outer, which is also the outermost of the 
whole eyeball, is the hard and protective sclerotic. The sclerotic 
encloses the whole eyeball, but in front of the lens it is transparent, 
forming the cornea. The cornea is in contact with the epidermis, 
which is here also transparent, forming the conjunctiva. The eye 
may then be regarded as a closed hollow ball, with the enclosed 
chamber divided into two by the lens; viz., a posterior chamber 
between the retina and the lens, and an anterior chamber between 
the lens and the cornea. The posterior chamber contains a jelly-like 
substance called the vitreous humour, the anterior chamber contains 
the aqueous humour. 

There is an important point to notice in connexion with the 
retina. In Amphioxus the cells which are sensitive to light line the 
central canal of the nerve-tube; in all higher forms, that portion of 
the wall of the nerve-tube in which these cells lie is bulged out side- 
ways to form the eye. The sensitive cells are, however, still morpho- 
logically on the inner side of the wall of the brain (i.e. adjacent to 
the central cavity or the cavity of the optic vesicle). The nerve-fibres 
which convey the impulses away from the retina cannot go through 
this cavity; they must run in the wall of the optic vesicle and of the 
brain. In so doing the nerve-fibres must therefore pass between the 
sensitive cells and the lens. This means that the image of the seen 
object reaches these sensitive cells after passing through the nerve- 
fibres. A retina of this kind is called inverted, and is characteristic 
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of tbe paired eyes of all chordates. The pineal ^es (described below 
in connexion with the brain) have an erect retina, for here the nerve* 
fibres leave the retina on the side away from the lens. With regard 
to the paired eyes, it is essential to realise that the cavity of the 



Figure 14. Diagram showing the method of origin of the eyes in chordate 
animals and the relations of the sensory cells. 

outer Wrfa«-'’R nerve-cord the sensory cells (sc) are on the 

caw'tVtc? C hM been formed the sensory cells line its 

opt*c vesicles (f?v); D, origin of the lens (I) from 

of th^pf^I formation 

diMb?r fi ^olo " '^1'*' *=‘'">P'etely formed eyes. ac. anterior 

Sw fri;- / llna- muscle; cn, conjunctiva; cr, cornea; c, cpi- 

lens’ ■ nr n1;^ar «?• ® "r®"'® layer; Pc, posterior charabw; 

pi, pineal lens. pr. pmeal retina (erect); r, retina (inverted); s, sclerotic. 

primiUvc optic vesicle is not the same as that of the definitive eyeball 
(or posterior chamber). In the process of conversion of the optic 
^icle into the optic cup. the cavity of the vesicle has been obliterated. 

^ in various directions. 
This M effect^ by the myotomes of the first three segments, which 
arc modified into so-called eye-muscles. The description given above 
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af^Ues to the pairod eyes of 0 cboidates; the eyes of the lamprey 
are^ however^ somewhat degenerate. 

Petromyzon has so^alled auditory organs or ears, but it must be 
remembo^ that these organs primitively do not serve for the 
purpose of hearing, but are organs of balance. They take the form 
of sacs on each side of the brain behind the eyes, ^ving off canals 
in the form of half-hoops, each end of which opens into the sac. 
These are the semicircular canal^; each one bears a swelling or 
ampulla containing a statolith or organ of balance (see p. 340). In 
all vertebrates above Petromyzon there are three such canals, in 
planes at right angles to one another, but Petromyzon has only two. 

BRAIN.— The anterior end of the nerve-tube is modified and 
enlarged in connexion with the paired sense-organs to form the 



Figure 15. Petromyzon: view of median longitudinal section through the 

brain. 

r, cerebellum; cp^ choroid plexus; hs^ hypophysial sac; n, notochord; nc, 
nerve-cord; /u, nostril; oc, optic chiasma; oo^ olfactory organ; pituitary 
body; pe, pineal eye; ppe, parapineal eye. 

brain. The brain can be divided into three main regions: fore-, 
mid-, and hind-brain. The forebrain bears the olfactory lobes in 
front, and on each side of it connects with the eyes (which are really 
part of it) by the optic nerves. The roof bears the pineal and para- 
pineal eyes. These lie in the middle line, the pineal above the para- 
pineal which is degenerate. The pineal eye is a vesicle of which the 
dorsal wall forms a lens, and the ventral wall a retina backed w^ith 
pigment. The nerve-fibres lead away from the underside of this 
retina, which is therefore not invert^ but erect. Above the pineal 
eye, the skull is thin and the tissues are more or less transparent. 
Beneath the forebrain is a simple pituitary body (sec p. 344), the 
pars intermedia of which is apposed to the feebly developed in- 
fundibulum of the brain. The pituitary body in Petromyzon has 
lost connexion with the hypophysial cavity; the latter extends 
backwards beneath the brain forming the hypophysial sac, and con- 
nects with the exterior through the median dorsal pore. 
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The midbraia bears the optic lobes, and the roof cd* the hindbrain 
is modified into a rudimentary cerebellum. It is important to notice 
that the roof of the brain in Petromyzon is ytry thin and membranous ; 
with the exception of the transverse commissures in the forebrain, 
the optic lobes, and the cerebeQum, it contains scarcely any nerve- 
cells at all. 

Although at first sight the brain differs considerably from the 
more posterior part of the nerve-tube or spinal cord, it is easy to see 
how it was derived from the latter. 

In each segment on each side there is a ventral nerve supplying 
the segmented muscles formed from the myotomes of the vertebral 
plate (somatic muscles), and a dorsal nerve supplying the sense- 
organs. In the gill-region, the dorsal nerves also supply the muscles 
formed from the unsegmented lateral plate (visceral or splanchnic 
muscles). In the region of the trunk these segmental nerves are called 
spinal nerves, those which emerge from the brain are called 
cranial nerves. 

NERVES.— The ventral nerves of the first three segments innervate 
the muscles which actuate the eyeball. They are respectively the 
oculomotor, trochlear, and abducens. The dorsal nerves corres- 
ponding to them are the profundus, trigeminal, and facial; the 
auditory nerve is a branch of the facial. The ventral root of the 4th 
segment supplies the most anterior complete myotome, and its 
corresponding dorsal nerve, the glossopharyngeal, passes down in 
the arch behind the first gill-slit (and in front of the second). The 
next dorsal nerve, the vagus, is a composite one, formed by the 
aggregation of portions of several other posterior dorsal nerves. It 
sends a branch down behind each of the remaining gill-slits, as well 
as to the “lateral-line” organs (see p. 31), and to the heart and gut. 
The ventral roots corresponding to the vagus supply the fifth and 
following myotomes. and the muscles beneath the gills. The muscles 
of the “tongue" are supplied by the trigeminal nerve. 

In Amphioxus, the dorsal or sensory nerves are formed of fibres 
produced inwards from the sensory cells themselves. In Petromyzon 
and all higher forms this method of formation applies only to the 
olfactory nerves. All the other sensory nerves are formed in a 
different way. There are special nerve-cells which send one fibre to 
the sensory cell and another into the central nervous system. These 
nerve-cells are not in the nerve-tube but just outside it. They lie on 
the track of the sensory dorsal nerves and form swellings or ganglia. 

Petromyzon and all higher forms, on every dorsal nerve-root, 
whether cranial or spinal, there is a ganglion. The ventral nerves 
consist of nerve-fibres which are formed from nerve-cells which lie 
inside the nerve-tube; they therefore do not have ganglia , 
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In Petromyzm there are two iitiportant primitive features to note 
in connexion with the nerves. One is that the dorsal and ventral 
roots of each segment do not join together, but remain separate. 
The other is that the nerves are shnpte and mwvtred by insulating 
material, i.e. they are non-meduUat^. 

The nerves which innervate striated muscles go straight from the 
central nervous system to the muscle. On the otha: hand, those 
nerves which supply the smooth muscle-fibres of the gut and of the 
arteries (and in higher forms certain other structures also) do not 
run direct from the central nervous system to the muscle. Instead, 
they run to other nerve-cells, and these run to the muscle. These 
latter nerve-cells form part of the autonomic nervous system (see 
Chapter XXXI). In Petromyzon this system is only feebly developed. 
It is represented by some groups of nerve-cells along the gut, supplied 
by the intestinal branch of the vagus (see p. 39), and also by some 
cells close to blood-vessels near the spinal cord. 

SKULL AND SKELETON. —The brain, paired sense-organs, and 
roots of the cranial nerves are protected by a case of cartilage 
forming the skull. This is characteristic of all forms above Amphioxus, 
which are therefore referred to as Craniata. The brain is surrounded 
by the cranium proper; the sense-organs are protected by capsules. 
The nasal capsules are fixed on to the front of the cranium by con- 
nective tissue; the auditory capsules are firmly fused on to the sides 
of the cranium by cartilage. The spinal cord enters the skull at the 
hind end through the foramen magnum, but in Petromyzon the 
nerves of the fourth and following segments (glossopharyngeal and 
vagus) come out from the brain behind the hindmost limit of the 
skull. This shows that the process of cephalisation or specialisation 
of the skull has not extended very far. The walls of the skull are 
very incomplete, as is the roof. The notochord extends forwards as 
far as the forebrain. In the trunk-region, in each segment on each 
side of the notochord, is a pair of cartilaginous pegs, one behind the 
other. The anterior peg in each segment (interdorsal) is in front of 
the ventral nerve-root; the hinder peg (basidorsal) is in front of the 
dorsal root. These pegs are the rudiments of the vertebral column, 
as yet very incomplete and not in any way constricting or inter- 
rupting the notochdrd. 

Between every two gill-slits, behind the last and in front of the 
first, are cartilaginous rods, the branchial arches or gill-arches. 
Together they constitute the branchial basket. The most anterior 
branchial arches, together with cartilages belonging perhaps to 
vanished gill-clefts and others in connexion with the rasping tongue, 
form a skeletal framework attached to the skull and termed the 
splanchnocranium. The brain-case and sense-capsules are called the 
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neurocraoium. In higher forms the term “skull” is usually apidied 
to both tiiese ttructures, but it should be realised that th^ we 
fundamentally ^stincL Petromyzon has no biting jaws; instead, ite 
mouth is rounds for which reason the group to which it belongs is 
known as the Cyclostomes. The splanchnocranium of the Cyclo- 
stome is unimportant from the present point of view, because it is 
so much specialised that it can throw little light on the skulls of 
higher forms. 

The fins are nipported by rays of cartilage. 

alimentary system— In order to understand the structure of 
the alimentaiy canal and associated organs more easily, it is necessary 
to leave the adult Petromyzon and to turn to its larval form, which 



Figure 16. Petromyzon'. transverse section through the endostyle of an 
Ammoccete larva. 

ge, the four tracts of glandular cells;;}*, floor of the pharynx; va, branch of the 
ventral aorta. (Compare with Amphioxus.) 

is known as the Ammoccete. The mouth is situated in a buccal cavity 
separated from the pharynx by a velum. The side walls of the 
pharynx are pierced by seven pairs of gill-slits. 

Along the floor of the pharynx runs a groove which is continuous 
anteriorly with a pair of peripharyngeal bands. These rise up on 
each side of the mouth, behind the velum. Posteriorly the groove 
runs into a ventral hollow downgrowth of the pharynx. The floor of 
this downgrowth is folded and contains four rows of glandular cells. 
It is obvious that this structure is practically identical with that of 
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die endo$t}^e of AmpUoxus,, Bdund the phazynx* gat leads 
straigLt back diiough an iiitestme to the anus. 

During the metamorphosis from the Ammocoete larva to the 
adult, certain important chan^ take place. The buccal cavity 
devdops into a sucko^ with homy teeth, and the rasping tongue is 
formed in the floor of the phaiynx. The endostyle closes up and its 
glandular and ciliated ceils disappear but its duct gives rise to the 
thyroid gland. From its habit of adhering closely to its food mth its 
sucking mouth, water cannot easily pass through the animal’s mouth 
to its gills. The latter are modified into pouches which take water in 
through their external apertures and then expel it again. Insid<^ the 
pharynx becomes divid^ into two parts, one above the other. The 
upper portion becomes the definitive passage from the mouth to the 
intestine; the lower becomes the branchial tube. The latter is blind 
behind, receives the inner openings of the seven pairs of gill-pouches, 
and opens in front into the buccal cavity guarded by the remnants 
of the velum. 

These changes which take place during the life of Petromyzon 
show that it is a form descend^ from ancestors which practised the 
ciliary mode of feeding, since when it developed a specialised and 
somewhat degenerate method of feeding of its own. 

Behind the pharyngeal region the gut runs straight as the intestine 
to the anus; there is no indication of a curved and enlarged region 
known in all higher forms as the stomach. Secretory cells in the wall 
of the mid-gut produce a proteolytic enzyme of tryptic type, and 
represent a diffuse rudiment of the exocrine constituent of a pan- 
creas. The rudiments of the endocrine constituent of a pancreas are 
also present in the wall of the mid-gut as “follicles of Langerhans”. 

Ventrally to the intestine is a liver connected to it by a bile duct. 
In the intestine the surface of absorption is slightly increased by a 
small inwardly projecting ridge which, as it winds helicoidally down 
the intestine, is known as a “spiral valve”. The lining of the gut is 
ciliated. 

VASCULAR SYSTEM. — Running forwards beneath the intestine, 
and therefore in the splanchnopleur, is a subintestinal vessel. It 
runs to the liver where it breaks up into capillaries forming a hepatic 
portal system. From the liver, the vessel proceeds forwards as the 
hepatic vein, and soon swells out beneath the pharynx and becomes 
specialised to form a muscular pump: the heart. 

The heart is composed of the following structures: a sinus venosus, 
into which the hepatic and other veins enter; leading on to a thin- 
walled auricle and a thick-walled ventricle. The entry to and exit 
from the ventricle, which does the propelling of the blood, are 
guarded by valves so that blood cannot flow in the reversed direc- 
2 * 
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Figure 1 7. Method of formation of the kidneys in chordatc animals. 

A, early stage showing the cavity of the splanchnoccel {sc) communicating with 
those of the myocotls {me) by means of the nephroccels (nc), i, intestine. B, 
twpotlwtical archinephros. The nephroccels now known as Bowman’s capsules 
(Be) preserve their connexions with the splanchnoccel by means of ciliated 
funnels ((f). Prom each capsule a tubule (r) grows back and joins that formed 
from the next posterior capsule to form the archincphric duct (orf). With each 
Bowman’s capsule is associated a glonKnilus (g), formed from an arteriole from 
the dorsal aorta (da) and a venule to the posterior cardinal vein (pe). C, condition 
in most young chordates, in which an anterior set of pronephric tubules (pt) gives 
rise to a pronephric duct (pd) before the more posterior mesonephric tubules 
idmt) are properly formed, pf pronephric funnels; mf mesonephric funneto. 
condition m older chordates^ and retained throughout life in Myxine. The 
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tiou. Tbi^ of tbe stnictiim tho heart is greater than 

that of ^ epace^ (pericaidii^ in whidh they Ik; consequently the 
heart is bent on itself into Ihe fonn of m S. 

From the vtmtricle the ventrd aorta runs fpnvard beneath ^e 
brancU^ duct, and gives off paired afferent branchial vessds to tee 
gffl^aiches, where they break down into tee capiUaries of tee gills. 
Paired Cerent bran^al vessels then gather up the oxygenated 
blood and lead it to the dorsal aorta, which runs back just beneath 
the notochord, and is continued forwards into the head as the 
internal carotid artery. 

On each side of the dorsal aorta are paired anterior and posterior 
cardinal veins which lie of course in the body-wall or somatopleur. 
At the level of the sinus venosus, the cardinals of each side com- 
municate with the heart by means of the ductus Cuvieri. But as the 
cardinals are in the body-wall and the sinus venosus is in the gut- 
wall, the ductus Cuvieri have to cross the coelom. This they do by 
means of a bridge of coelomic epithelium called the transverse 
septum. The coelom is thus divdd^ into an anterior region sur- ^ 
rounding the heart: the pericardium; and a posterior perivisceral 
splanchnocoel. This division is incomplete in the Ammocoete larva, 
but complete in the adult. In the adult there are peculiar median 
ventral veins in connexion with the tongue, and the ductus Cuvieri 
on the left side disappears. 

The blood is red owing to the presence of haemoglobin in cor-‘ 
puscles. There is no spleen. 

EXCRETORY SYSTEM . — ^No nephridia are found in any Craniate. 
The excretory organ is derived from the segmented nephrotomes, 
between the myotomes and the lateral plate. Typically, each nephro- 
tome contains a cavity, the nephrocoel, which opens into the splanch- 
nocoel by ciliated funnels (coelomostomes), one in each segment. 
The nephrocoels swell out into little cavities known as Bowman’s 
capsules, into each of which a glomerulus projects. Each glomerulus 
is formed from an arteriole from the dorsal aorta and a venule 
leading to the posterior cardinal vein of its side. Glomerulus and 
Bowman’s capsule together form what is known as a Malpighian 
corpuscle. From each capsule, a tubule grows backwards and into 
the tubule of its next posterior neighbour. A collecting duct is thus 
formed on each side, and it grows back, meets its fellow in the middle 


pronephros has degenerated, and the mesonephric tubules (mt) have joined the 
pronephric duct which now bears the name mesonephric duct (md). The latter 
IS no longer continuous with the anterior portion of the pronephric duct. The 
capsules of the mesonephros lose their connexion with the splanchnoccel, but 
they retain their simple segmental arrangement. £, condition in Petromyzpn, 
The pronephros has degenerated, and the number of capsules in the mesonephros 
has been increased by the formation of secondary Bowman’s capsules ijsBc), 
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aad opetfi behind the anus on a small papilla. This is the 
typical sbiictore of the vertelnate kidney, and it H to be noted that 
the tubules n^ch form it are of mesodermal origin, coming from 
the coelomic cpitheliiun, and are sharply to be distinguished from 
nephridia, wb&h are ectodermal in origin. 

Originally these coelomostomes must have served to free the genital 
products (as indeed the spermatozoa are freed in all higher forms), 
and (accretion also took place through them from the coelom to the 
mcterior. Then the excretory products were brought to the tubules 
by blood-vessels and the coelom lost its excretory function: the 
tubules lose their connexion with the splanchnocoel. In Petromyzon 
the coelomostomes were never open. In other forms, the coelomo- 
stomes may persist. In Myxine, a close relative of Petromyzon, the 
Malpighian corpuscles retain their segmental arrangement, but in 
all other forms they become increased in number, and the segmental 
correspondence is lost. 

The tubules arise in two sets. First an anterior lot, opening into 
the pericardium, form the pronephros, and their duct (the pronephric 
duct) grows right back to the papilla. The pronephros nearly dis- 
appears in the adult Petromyzon, and is replaced in function by an 
identical but more posterior set of tubules which form the mesone- 
phros. The mesonephric tubules grow into the pronephric duct 
which they find ready-made for them, and which becomes known 
as the mesonephric duct. The mesonephric tubules develop later 
than the pronephric tubules, but are of essentially the same nature. 
This is illustrated in Bdellostoma, another relative of Petromyzon, 
in which a continuous series of tubules arises, the more anterior of 
which become the pronephros, and the posterior the mesonephros. 
Such a primitive kidney approaches very closely to the hypothetical 
archinephros, with its archinephric duct. It is important to note that 
in the Cyclostomes there is but one kidney-duct on each side. The 
kidneys and their ducts hang down in the coelom as the so-called 
nq>hric fold. 

GENITAL SYSTEM. — The gonads are situated in a ridge hanging 
down from the roof of the coelom. Originally paired, the gonad is 
single and median in Petromyzon. In both sexes the genital products 
are shed freely into the splanchnocoel. In front of the place where 
the two mesonephric ducts join, each duct has a small pore opening 
into the splanchnocoel, and it is through these pores that the genital 
products escape to the exterior; they have no special ducts. 

CXELOM AND MESODERM. — ^The eventual division of the coelom 
by the transverse septum into pericardial and perivisceral cavities 
Im already been mentioned. The myocoels are completely obliterated. 
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and the only other portions of ccdonHCoavity are dw hidney^uhulM 
an^ ducts. Hie first three sonutes are drawn cdT into dm service of 
the eyeballs, and the fourth f<»ias the first pu^cor trunk<'inuscle. The 
series of somites is therefore complete, ai^ no segmmit has lost its 
somite. The myotomes are W>shaped, which condition can easily be 
derived from me V-shaped myotbmes of AmpMoxus by the turning 
forwards of their upper and lower ends. They are not subdivided 
into dorsal and ventral portions as in higher forms. 
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Figure 18. Petromyzon: view of a dissection from the left side of the anus 
(a) and urinogenital (ug) aperture. 

df, dorsal fin; /, intestine; kd, kidney duct; n, notochord; nc, nerve-cord; 
pv, perivisceral coelomic cavity. The arrow is passed through the genital pore 
from the ccelom. 

The characters of Petromyzon and Cyclostomes can be analysed 
under three headings: those which show an advance from the 
condition of Amphioxus, those which are primitive when compared 
with higher forms, and those which are secondary and specialised. 

Characters shown by Petromyzon^ absent in Amphioxus and typical 
of Craniata: 

Formation of a distinct head, brain, and skull; 

Formation of a distinct heart; 

Formation of a definite liver; 

Formation of pro- and meso-nephric kidneys; 

Epidermis several cells in thickness;^ 

Dorsal nerves with ganglia; 

Rudimentary vertebral column; 

Myotomes W-shaped; 

Rudimentary sympathetic nervous system. 
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Characters lihom by Fetromyzm (and Cyclostomes) which are 
primitive when compared with higher forms: ^ 

Endostylc^ ciliated ^oove and velum of the Ammoccete larva; 
Emergence of glossopharyngeal behind the cranium; 
y Dorsal and ventral nerves s^arate and unconnected in each 
/ segment; 

Fourth s^ent forming a complete myotome: no myotomes 
lost; 

Myotomes not divided into dorsal and ventral portions; 
Notochord unconstricted by vertebral column; 

Kidney-tubules segmental in Myxine; 

Persistence (although slight) of the pronephros; 

Absence of biting jaws; 

Absence of paired fins; 

Absence of dermal skeleton (fin-rays or teeth); 

Absence of special stomach; ’ “ 

Absence of special genital ducts; 

Absence of medullated nerves. 

Specialised characters of Petromyzon: 

Rasping tongue; 

Sucking mouth; 

Horny teeth; 

Sac-like gill-pouches; 

Separate branchial duct; 

Large hypophysial sac; 

Single median dorsal pore for nasal organs and hypophysial sac. 
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CHAPTER IV 


SCYLLIUM, A CHORDATE WITH JAWS. 

STOMACH, AND FINS 

EXTERNALS.— The dogfish possesses an elongated body with a 
distinct head and tail, the latter provided with a taiFfin of whidi 
the ventral lobe is larger than the dorsal (heterocercal). There are 
two median dorsal fins. The most obvious advance over the Cyclo* 
stome condition is the possession of jaws, characteristic of Gnatho- 
stomes, and of paired fins, of which there are two pairs: a pectoral 
and a pelvic. 

The head has paired nasal sacs and eyes. The mouth is situated 
some distance behind the anterior end of the snout. Rchind the 
mouth on each side are six openings into the pharynx. The first 
pair of these is small and more dorsally situated than the others; 
it is the spiracle. The remaining five are the gill-slits, numbered 1 to S. 
The anus lies in a cloaca (joint opening of the alimentary and urino- 
genital systems) in the midventral line behind the pelvic fins, and 
on each side of it is a small pore (the so-called abdominal pore) 
communicating with the coelom. In the male, there is a pair of 
claspers on each side of the cloaca. 

DENTICLES.— The body is covered all over with small sharp 
spikes, with the points directed backwards. These are the placoid 
scales or denticles. They are made of dentine covered over with a 
cap of enamel. Dentine is a hard substance produced by mesodermal 
cells beneath the epidermis, and is identical with the substance 
of which the teeth of all vertebrates are made. It consists of a calcified 
ground-substance in which filamentous processes of cells are to be 
found, but no cells themselves. In this particular it differs from bone. 
The enamel is formed from the ectoderm. On the inner rim of the 
jaws just inside the mouth, denticles are also found. They get pushed 
out to the edge of the jaws, and act as biting teeth. When worn out, 
they arc replaced by others which are pushed up in their turn to 
the biting edge (see Fig. 122, p. 228). 

LATERAL LINE. — In various places over the body, there arc 
peculiar organs belonging to what is known as the lateral-line system. 
Essentially, they take the form of canals sunk beneath the skin, and 
opening to the exterior at intervals. In these canals are sense-organs 
whose probable function it is to appreciate low-frequency vibrations 
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in the water. One of these 
canals runs along the side of 
the body from the tail to the 
head, and is the true '^lateral- 
line canal^\ At about the 
level of the first gill**slit, it 
gives ofir a transverse occipital 
canal which runs over the top 
of the head and meets its 
fellow from the opposite 
side. It continues forwards 
over the spiracle as a short 
temporal or postorbital 
canal, and divides into two. 
One portion goes forwards 
over the eye as the supra- 
orbital canal, the other be- 
neath it as the infraorbital 
canal. In addition there is 
typically a canal which runs 
down behind the spiracle 
(hyomandibular canal) to 
the lower jaw (mandibular 
canal); but these two are 
more or less interrupted in 
the dogfish. 

Close to the lateral-line 
canals in various places there 
are little pits leading from 
pores on the surface down 
narrow tubes to ampullae at 
the bottom, where there are 
sense-organs. These are the 
pit-organs, or ampullae of 
Lorenzini. Together with the 
lateral-line system they 
constitute the neuromast, or 
acustico-lateralis organs, to 
which the ear also belongs. 
These organs are also present 
in Petromyzon, but not so 
definitely arranged. 

EAR. — ^The ear consists of 
a pit sunk in from the skin 
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aad fotfningft sac, wbich contmunicates with the ectoior by a long 
tube and a fine poie; the ductus enddymt^haticas. Ute sac is 
divhied into a mote dorsal utricle, and a mote ventral saccule;: 
Tlw utricle bears three semiciicolar canals, at the base of each of 
which is a swdUng or ampulla contiuning an organ of balan^. The 
whole ear is to be regarded as a very much enlarged latoal-line 
organ. 

EYE. — The q'cs are hollow cups with sensitive retinal layer, iris, 
pigment layer, vascular choroid, and protective cartilaginous 



Figure 20. Scyllium: section through the skin showing the ampullx of 
Lorenzinl (aL), denticles (</). nerve-fibres (n), opening of a lateral- 
line canal (oe), and a sense-organ (ro) in the canal. 

sclerotic. Fitting into the aperture of the eyecup is the spherical lens, 
which is attached to the cup by a ventral ciliary muscle. 

The movements of the eyeball are effected by six muscles. Four 
of these (superior, internal, inferior, and external rectus muscles) 
exert straight pulls on the four cardinal points of the eyeball, and 
turn it upwards, forwards, downwards, or backwards respectively. 
The two others (superior and inferior oblique muscles) pull it 
obliquely either forwards and upwards or forwards and downwards. 

NOSE. — ^The nose is formed by a pair of pits 6n each side of the 
under surface of the snout just in front of the mouth, and connected 
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witli it by giooves which run to its corners. Inside the the 
sensoiy olfactory ^thetiiun is thrown into a nninber fohfe* ^ 

^ KBHVOus SYSTEM. — ^As in the Cyclostomc, the braifl is divisible 
into fore-, mM-, and hind-regions. Further, the fore- and hind^teains 
can also be ^vided into two for facilitating description. There are 
therefore five sections of the brain, whose names from front to rear 
are: telencephalon, diencephalon (also called thalamencepbalon), 
mes^cephalon, metencephalon, and myelcncephalon. The first two 
divisions together form the forcbrain or prosencephalon, the last two 
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Figure 21. View of the outer side of the left auditory sac of a typical 

vertebrate. 

a, ampulla; ac, /c, and pc, anterior, lateral, and posterior semicircular 
canals; de, ductus cndolymphaticus; s, saccule; u, utricle. 

form the hindbrain or rhombencephalon. The sides of the telence- 
phalon (or end-brain) are greatly expanded, and bear the olfactory 
bulbs. On the floor is the optic chiasma, where the optic nerves cross 
over from one side to the other. In front of this is the lamina 
terrainalis; the thickened lower portions of the side walls are the 
corpora striata. 

A transverse fold in the roof, the velum transversum, marks the 
beginning of the diencephalon (or between-brain). The sides are 
thickened and known as the optic thalami, the floor is depressed 



scIrictivM 35 

to the snfuii#bulum to wh^ tib pithbty is altbhb* 
rool'Jbws a prq^ction: the ^iphysis» vestige of the pitml eye. 

the floor, sides, and roof of the mesencephalon are thick^edv 
so idiat its cavity is reduced and is known as tb aqueduct ctfSyhdus, 
The ^of forms the paired optic lobes. 

The roof of the melencephalon is thick and forms the cerebeUum, 
that of the ipyeleno^halon is thin. To the sides of behind the 
cerebellum are the restiform bodies. 

The cavity of the forebrain is called the 3rd ventricle; that of the 
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Figure 22. Scyllium: median view of a longitudinal section through the 

brain. 

The various regions of the brain are separated by broken lines across the 
central cavity, and indicated by the letters; T, telencephalon (end<brain); D, 
dienoephalon (or thalamencephalon, between-brain); Ms, mesencephalon 
(midbrain); Mt, metencephalon (anterior part of hindbrain); My, myelencephalon 
(posterior part of hindbrain); ac, anterior commissure; c, cerebellum; cp 3 and 4, 
choroid plexus of the third and fourth ventricle; he, habenular commissure; 
/, infundibulum; It, lamina terminal is; mo, medulla oblongata; oc, optic chiasma; 
ol, olfactory lobe; op, optic lobe; pb, pituitary body; pc, posterior commissure; 
pe, pineal stalk; Rf, Reissner's fibre; rn, recessus neuroporis; sc, spinal cord; 
V 3 and 4, cavity of the third and fourth ventricle; vt, velum transversum. (Partly 
after Nicholls.) 

hindbrain the 4th ventricle. The brain is surrounded by a membrane 
carrying blood-vessels (the pia mater), and this dips down in folds 
from the roof of the 3rd and of the 4th ventricles to form a choroid 
plexus. Connecting one side of the brain with the other there are 
tracts of fibres called commissures. Of these, the habenular and the 
posterior are in the roof of the between-brain and midbrain respec- 
tively. There is also an (anterior) transverse commissure In the 
lamina terminalis, but on the whole there is little inter-connexion 
between the two sides of the brain. 
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The myeletui^haloii, or meduDa oblongata, passes bade grad^i^y 
into the spind cord. This is a tube with thick walls and a small 
central cavity, continuous of course with that of the brain. The 
nervc*cells are grouped round the centre of the cord, and form the 
*"grcy mattcr^^ Outside them and occupying the remaining space ^ 
the ascending and descending tracts of nerve-fibres, provided with 
medullary sheaths, and forming the “white matter”. This arrange- 
ment of central grey matter and peripheral white matter holds also 
in the brain. Only in the cerebellum and in the optic lobes are there 
some superfidal nerve-cells; i.e., grey matter outside white. 



Figure 23. Scyllium: ventral view of the brain showing the pituitary body. 

fl/, anterior lobe; m7, neuro-intermediate lobe; v/, ventral lobe of the pituitary 
body; il, floor of the diencephalon; on, optic nerve; sv, saccus vasculosus. 

Attention may here be called to Reissner’s fibre. It is a wire-like 
structure of unknown function which runs from the posterior 
commissure in the roof of the midbrain, through the cavity of the 
nerve-tube right down to its hind end where it is attached. Reissner’s 
fibre is present in most chordates, but not in Amphioxus nor in man. 

The pia mater has already been mentioned. It encircles the whole 
nerve-tube, and corresponds to the choroid layer of the eye. Outside 
it is a tougher membrane, the dura mater, protective in function. It 
is applied to the inner waU of the skull and corresponds to the 
sclerotic layer of the eye. 

SPINAL NERVES. — In each segment on each side, behind the 
head, the spinal cord gives oflf a ventral nerve, and a dorsal nerve 
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m&ft faiilijioti on it. These two nerves join to form hmixed spinal 
nerve. Soon after joining, their components separate out again to 
tl^ various destmtions. The ventrd roots me distributed to the 
muscles of the myotomes along the trunk and in the fins, the dorsal 
roots to the sense-organs. In addition, each spinal nerve sends a 
branch to the sympathetic ganglia, which are joined to one another 
by nerve-fibres which form two longitudinal chains, one on each 
side of the dorsal aorta. 

The nerve-fibres are meduUated, except those of the sympathetic 
system. 

CRANIAL NERVES AND HEAD-SEGMENTATION. — ^The Cranial 
nerves are of importance in unravelling the segmentation of the head. 
Some of them are dorsal roots, and some are ventral, but they never 
join to form mixed nerves as in the region of the trunk. 

The olfactory nerve (No. I) is not a true nerve like the others, for 
it is formed of the fibres produced by the cells of the nasal epithelium 
which grow in to the forebrain (in the manner characteristic of all the 
nerves in Amphioxus). The small nervus terminalis which accompanies 
it for some distance is also devoid of segmental significance. 

Similarly the optic nerve (No. II) is not segmental, for the whole 
optic cup and stalk are really parts of the brain itself. 

The dorsal root of the first (or premandibular) segment is the 
profundus (No. V 1), which is very small in Scyllium. In the closely 
related Squalus it is large, and runs forwards through the socket for 
the eye (the orbit) under the superior oblique muscle, and innervates 
the skin of the snout. 

The corresponding ventral root of the first segment is the oculo- 
motor (No. Ill), which supplies the following four eye-muscles: 
superior, internal, and inferior rectus, and the inferior oblique. It is 
also connected with the sympathetic ciliary ganglion. 

The second or mandibular segment has as its dorsal root the 
trigeminal (No. V, 2 and 3). This nerve is composed of a superficial 
ophthalmic branch running forwards over the eye, a maxillary 
branch in the upper jaw and a mandibular branch in the lower jaw. 
These nerves are distributed to sense-organs in the skin, and also to 
the muscles which move the jaws. 

The corresponding ventral root of the second segment is the 
trochlear (also called pathetic; No. IV), which innervates the superior 
oblique eye-muscle. 

The dorsal root of the third or hyoid segment is the facial nerve 
(No. VII). It is made up of the following branches: 

superficial ophthalmic, running forwards over the eye in com- 
pany with that of the trigeminal, and innervating the supra- 
orbital lateral-line organs; 
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twccal, numing f<Mwatds bwaeath tfae eye and iaaei^tkf 
ialhuKd^tid later^-Iine org^; ' 

hyomand^ndar, fiassing d^wn lietuad the i^racle id innervate 
the lateial-Une organs of the loMrer jaw, and the nmsdea 
the hyoid arch; 

palatine, innervating the taste-organs on the rrof of the month; 
pretrmatic, runiung down in front of the ^umde, innervn^g 
sense-organs. 

The auditory nerve (No. VIII), which innervates the s^se-organs 
of the ear, is really an mlarged and specialised branch of the facial 
nerve. 

The corresponding ventral root of the third segment is the 
abducens (No. VI), which supplies the external rectus eye-muscle. 

The dorsal root of the fourth segment is the glossopharyngeal 
(No. IX). It has a branch to the temporal region of the lateral-line 
canal, a pharyngeal branch to the gut, and a branchial branch which 
divides; a small branch running in the hyoid arch in front of the 
first gill-slit, and the main branch running behind the 1st gill-sUt in 
the 1st branchial arch. The glossopharyngeal thus bears the same 
relations to the 1st gill-slit as the facial does to the spiracle. 

There is no ventral root to the fourth segment; the somite which 
it would innervate disappears. 

The fifth segment has also lost its myotome and ventral root during 
development. To each of the remaining gill-slits, 2nd to Sth, there 
corresponds a branchial nerve, the main branches running behind 
the slits and pretrematic branches in front of them. These nerves 
are the dorsal roots of the fifth, sixth, seventh, and eighth segments, 
which have joined together to form the vagus (No. X). The lateral- 
line organs in the occipital region of the head and all along the side 
of the trunk to the tail are innervated by branches of the vagus. 
In addition, the vagus sends a visceral branch to the heart and 
stomach, forming part of the parasympathetic system. 

Figure 24. Scyllium: dorsal view of a dissection of the cranial nerves, 
from a drawing by Mr. B. W. Tucker. 

B, optic; III, oculomotor; IV, trochlear; V md, mandibular branch of 
trigoninal; V and VII op, superficial ophthalmic branches of trigeminal and 
faoal; V mx and VII b, macullaiy branch of trigeminal and buccal branch of 
facial; Vn p, palatine t»anch of facial; VII h, hyomandibular branch of facial; 
Vin, auditory; DC, glossopharyngeal; X, vagus; X 6 2, second branchial branch 
of vagus; X I, lateral-line branch of vagus; X v, visceral branch of vagus; ac, 
auditory capsule; c, cerebellum; e, eye; er, external rectus eye-muscle; gs 1 and 
S, first and fifth gill-slits; h, hypogloss^ nerve; io, inferior. oblique eye-musde; 
ir, mferior rectus eye-muKle; ol, olfactory lobe; s, spiracle; sc, spinal cord; so, 
siveiior otdiqoe eye-musc%; sr, superior rectus eye-muscle; r, tetininalis nerve. 
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Tiia venttiA toots of the sixth and foUowing segniOTts inn^rvato 
the myotomes of thdt segments, and also contribute to a nerve — 
the hypoglossal — ^which runs back oyer the gill-slits, down behind 
them and fofwards beneath them to innervate some muscles undmr 
the pharynx* 

The ninth is the first segment to have a fully formed mixed spinal 
nerve. 

SKULL. — The skull and all the skeleton is made of cartilage. 

The glossopharyngeal and vagus nerves emerge well in front of 
the hind end of the skull. The latter therefore occupies a larger 



Figure 25. Scy Ilium: view of skull and visceral arches. 

a, foramen for efferent pseudobranchial artery; ac, auditory capsule; e, 
centrum of vertebra; ch, ceratohyal; cb 2, ceratobranchial of second arch; 
d, foramen for dorsal spinal nerve-root; eb 4, epibranchiaJ of fourth arch; 
kb 2, hypobranchial of second arch; hm, hyomandlbula; id^ interdorsal cartila^; 
Me, Meekers cartilage; o, orbit; oc, olfactory capsule; pb 1, pharyngobranchial 
of first arch; pg, ptcrygo-quadrate cartilage; v, foramen for pituitary vein; vr, 
foramen for ventral spinal nerve-root; II, optic nerve foramen; HI, oculomotor 
nerve foramen; IV, trochlear nerve foramen; V and VII, trigeminal and facial 
foramen; V and Vll o, foramina for ophthalmic branches of trigeminal and facial. 

number of segments than in Petromyzon, namely seven. The skull 
encloses the brain completely except for an aperture in its roof. The 
cranial nerves all emerge through special holes or foramina. The 
auditory and olfactory capsules are firmly fused on. The notochord 
disappears in the skull-region, and a definite joint is formed between 
the hind end of the skull and the front of the vertebral column. 

The jaws are formed by the skeleton of the first or mandibular 
visceral arch, which separates the mouth fmm the spiracle. The 
upper and lower portions of this arch's skeleton move on one 
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ano^M^ and fitoi the a;^r -and hif^. jam The skdeion.of the 
nilMff jaw is the i^tc^o^quadiate, that of the lower is vMeclMi’s 
caitilaie. The possession of jaws is the critaioa of tfie group 
Gnatfaostomata, to wbicit Scyttitmi and all hi{^ fonns bdtntg. 
The arches betwem the gil]>slits also have cartihtginoQS rods. That 
of the second or hyo»l visceral arch (s^arating the si^de fiom 
the 1st giH-slit) is composed of a dorsal portion, the bypmandibula; 
and a ventral portion, the ceratohyal, and bas&yal. The following 
visceral arches are made up of four pieces on each side, which are 
from above downwards, the pharyngotnanchiai, epi-, cerato-, mid 
hypobranchial. There is also a i^edian basibranchial. The ptmygo* 
quadrate and the hyomandibula represent the “epi” elements of 
their respecdve- arches, Meckel’s cartilage and ceratohyal' the 
“cerato” elemmlts. There is no difficulty in recognising the fact that 
the jaws are simply slightly modified visceral arches. These carti- 
laginous arches lie in the splanchnopleur. Stiffening the partitions 
betwem the gill-sUts are extrabranchials and branchial rays. 

It is important to notice that these jaws and branchial arches, 
which together constitute the splanchnocranium, are not fused on 
to the neurocranium nor attach^ to it otherwise than by ligaments. 

The pterygo-quadrate is slung from the skull by the hyomandibula, 
the upper end of which is attached to the auditory capsule. This 
method of suspension of the upper jaw is called hyostylic. The upper 
jaw does not touch the neurocranium itself. In addition to its attach- 
ment by the hyomandibula, there are two ligaments, the ethmoid 
and the post-spiracular, which tie the upper jaw to ^the brain-case. 

The ordinal numbers by which the arches, segments, and slits 
are Imown are unfortunately liable to lead to confusion, for which 
reason they are tabulated below: 

Segments. Arches or Bars. Slits or Clefts. 

Istopremandibular 


2nd>i mandibular 

3rd«liyoid 

4th 

Sth 

6tb 

7th 

Sth 


1st visceral = mandibular 
2nd visceral as hyoid 
3rd visceral B 1st branchial 
4th visceral o 2nd branchial 
5 th visceral a 3rd branchial 
6th visceral si4th branchial 
7th visceral isSth branchial 


1st visceral ssspiracle 
2nd visceral a> 1st gill-slit 
3rd visceral >a2nd gill-slit 
4tfa visceral 3rd gill-slit 
Sth visceral ae4th gill-slit 
6th visceral Sth gill-dit 


VERTEBRAL COLUMN. — Corresponding to each'septum between 
two s^ments, there are paired basidorsal and basiventral cartilages. 
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surrounding die not<Khord. The sheath of the notochord is pene* 
trated by these cartihiges which, together, form a bobbin*like ring 
or cmtnim, which Constricts and interrupts the notochord. The 
centra articulate on one another end to end, and in this way a 
vertebral column is formed. Rising up from the centra are the 



Figure 26. Scylliiun: ventral view of. A, pectoral, and B, pelvic girdle. 

6, basipterygium; r, coracoid region; d, skeleton of clasper (present in the 
male): ms, mesopterygium; mt, metaptco'gium; n, nerve foramen; p, pelvic 
cartilage: pr, propterygium; r, radials; s, scapular region. 

neuml arches, which enclose the spinal cord in a canal. Alternating 
with these arc interdorsal cartilages. The ventral nerves emerge 
behind the neural arches, and the dorsal roots behind the interdorsal 
cartilages. Ventral extensions of the basiventrals beneath the centra 
in the tail-region form hafmal arches, in which blood-vessels run. 
L4iteral extensions of the basiventrals give rise to the ribs. They 
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^tend IQ the sei>tutn that divides the myotomes horizontaUy» and 
aie called ^‘dorsar* ribs (see p. 265). 

FiNS.~The median fins are supported by jointed cartitagmous 
rods or radials. These were originally direct continuations of the 
neural and haemal arches, but as a result of the ^ortening of the 
bases of the fins (or concentration), the radials no longer corr^pond 
with the vertebrae, except in the ventral lobe of the tail. In addition 
to the cartilaginous radials, the web of the fin is supported by horny 
dermal fin-rays, close under the skin on each side of the radials. 
These rays, or ceratotrichia, are more numerous than the radials. " 

The paired fins also have an internal skeleton of cartilaginous 
radials, and are anchored to the body by girdles lying in the body- 
wall. The pectoral girdle is a half-hoop of cartilage set transversely 
to the long axis of the body, with the free ends pointing upwards. 
On each side is a hollow, the glenoid cavity, in which the cartilages 
of the fins fit. The latter cartilages are the most proximal radials, 
which form three large cartilages, the pro-, meso-, and metaptcrygia. 
T4ie ventral portion of the pectoral girdle is termed the coracoid 
region; from the glenoid cavity to the free tips which project dorsally, 
the cartilage is known as the scapular region. 

The pelvic girdle is formed by a transverse cartilage, at each 
end of which an elongated backwardly directed basipterygium is 
articulated. This basipterygium forms the axis of the pelvic fin, 
and bears a number of cartilaginous radials on its anterior 
border. 

The pectoral and pelvic fins, as well as the median fins, have their 
webs supported by horny dermal fin-rays, the ceratotrichia. 

ALIMENTARY SYSTEM.— The mouth leads into the pharynx, the 
sides of which are pierced by the spiracle and the gill-slits. TTie food 
consists of fair-sized pieces of prey, seized by the jaws, and in no 
danger of being lost through the gill-slits. Behind the pharynx is the 
oesophagus which leads into a large stomach in which acid peptic 
digestion occurs. In its formation, the gut has been kinked to the left, 
so that the stomach is a well-defined region. Ventral to it is a large 
liver with a gall-bladder from which a bile-duct leads to the intestine. 
In the U-shaped bend which the stomach makes with the intestine 
lies the pancreas, the duct from which enters the intestine close to 
the bile^^uct. The intestine bends backwards and runs straight to 
the rectum, which has a small diverticulum (the rectal gland), and 
leads to the cloaca. The gut is considerably longer than the distance 
from the mouth to the cloaca, and the ''slack’* is accounted for by 
the asymmetry of the stomach. This asymmetry persists^ through all 
the higher vertebrates. The internal surface of the intestine is 
increased by a fold forming the spiral valve. 
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Figure 27. Scy Ilium: ventral view of dissection showing the alimentary 
system and the afferent branchial vessels (male). 

ab \ and 5, first and fifth afferent branchial artery; bd^ bile-duct; c/, clasper 
(present in the male);/, fold overlying groove running from naa^ sac to the 
first gill-slit; /, intestine; /, liver; m, mouth; «, sac; p 
pericardium; pg, pectoral girdle cut; pn, pancreas; pv. hepatic portal vein; 
r. JTCtuin; rg^ lectal gl^d; stomach; spleen; gv, smus venosus; /, testis; 
thyroid i^and; ag, urlno-gdutal papilla; v, ventridb of heart; w, ventral aorta. 
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CCBLOM Ako MVOTOMES.^Hto IS suspended In the 
sp^c^occk^l a dorsal mesentery. Anteriorly ttid splanc^noccel 
i3 almost complx^y cut oft from the cavij^ of the pericar^iim by 
the transverse septum, whidi leaves only small perieardio-perittmeal 
canals. Posteriorly, the splanchnocml is in communication With dm 
exterior by the pair of abdominal pores. ^ 

The series of somites is not complete. The first three give rise to 
the eye-muscles, but the myotomes of the fourth and fifth s^ments 
disappear during development, leaving the sixth to form the first 
complete myotome. Each myotome is divided into a dorsal (or 
epaxonic)%nd a ventral (or hypaxonic) portion by a horizontal 
septum. IntQ '^is septum the ribs (known as dorsal ribs) extend. 
The ventral portions of the most anterior myotomes send muscles 
forwards beneath the pharynx, in the midventral line. These hypo- 
glossal muscles lose connexion with their original myotomes, and 
connect the ventral ends of the skeleton of the visceral arches with 
the coracoid^ region of the pectoral girdle. The fins contain muscles 
attached to the radials. These muscles are derived from the myo- 
tomes. All muscles derived from myotomes are striated, voluntary, 
and innervated by ventral nerve-roots. The muscles of the jaws and 
branchial arches, although visceral, are striated and voluntary; they 
are, however, not innervated by ventral roots, but are supplied by 
dorsal cranial nerves. The remainder of the visceral muscles are all 
smooth and involuntary, and are to be found in the walls of the 
gut, blood-vessels, and oviducts. They are innervated by the 
autonomic system (sympathetic and parasympathetic). 

URINO-GENITAL SYSTEM. — The kidney of the adult dogfish is 
a mesonephros, similar to that of Petromyzon. Here, however, the 
excretory and genital systems are closely associated, and it is 
necessary to treat them together. In Scyllium and all Gnathostomes, 
in place of the single mesonephric duct on each side, there are 
typically two. One of these, the Wolffian duct, can be regarded as 
the original mesonephric duct, and it continues to receive the tubules 
from the Bowman’s capsules. The dther is the Mullerian duct which 
opens into the coelom by the conjoined openings of the degenerated 
pronephric tubules, and leads straight back to the cloaca without any 
connexion with the mesonephric tubules. The degree of development 
which these ducts show depends on the sex of the animal. 

In the male, the testes are paired, and are connected by their 
anterior ends to the mesonephric tubules by means of the vasa 
efferentia. These correspond to the original coelomostomcs. Through 
them the sperms reach the Wolffian duct, which becomes known as 
the vas deferens; its posterior end swells to form the seminal vesicle. 
The anterior portion of the mesonq>hros therefore is concerned with 
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' Figure 28. Structure and relations of kidneys and ducts in Gnathostomes. 

A, larval condition with a Mullerian duct {Md) as well as a Wolffian duct 
{Wa). The Bowman’s capsules (Be) of the mesonephros communicate with the 
apianchnoccel (sc) through the mesonephric funnels (mf). intestine. B, condition 
in the adult female. The MUIlerian duct persists and functions as an oviduct. 
The freed from the ovary {o) enter the mouth of the oviduct (oM)^ and go 
down It, past the oviducal gland (<7g) where the shell is secreted. The Wolffian 
duct is purely excretory in function. C, typical condition of the adult male. The 
MUIlerian duct has disappeared except for vestiges of its opening (rM), and the 
sperm-sac (ss). Sperms pass from the testis (/) through the vasa efferentia (ve) 
corresponding to mesonephric funnels, to the Wolffian duct. The latter is not 
only excretory but also genital in function, and is also called the vas deferens. 
D, condition of the adult male Scyllium. The Wolffian duct connects as usual 
with the anterior mesonephric tubules and vasa efferentia, but the more postenor 
part of the mesonephros (e) is solely excretory in function; its tubules run into 
a collecting duct (cd) which has separated off from the Wolffian duct. The base 
of the latter or vas dbferens is thickened to form the vcsicula seminalts (vs), and 
it and the collecting duct open into the sperm-sac. 
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the evacuation of the g^ital product in the m;tte. The posterior 
portion (sometime and incorrectly called the metanq>htos) is soMy 
excretory in function. Its tubules run into a collecting duct whi^ 
connects with the WolflBan duct, both running ^to a sperm-sac. 
The two sperm-sacs, one on each side, jok to form a urino-genital 



Figure 29. Scyllium: ventral view of a dissection of the urino-genital system 

of a male adult. 

c</, collecting duct; c/, clasper; ek^ excretory portion of the mesonephros; 
/, alimentary canal cut; p, pericardium; pp, pericardio-peritoncal canal indicated 
by an arrow; /*/, rudimentary opening of the Mullenan ducts; jj, sperm-s^; 
^ testis; ug, urino-genital papilla; ve, vasa efferentia; vs, vesicula seminalis; 
iVct, Wolffian duct or vas deferens. 

sinus which opens into the cloaca by a urino-genital papilla. The 
Mullerian ducts in the male are reduced to a pair of funnels on the 
ventral side of the oesophagus, and the sperm-sacs. 

In the female the mesonephros is entirely excretory in function. 
The Woffian ducts are swollen posteriorly to form urinary sinuses 
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excretory, Imt & ti(ie it i$ j^tal in functiM W In some 
dogfi^tk ^ iiie$<mq[>h]id:^tut^ ikain ibm os^g into 

the splaiidmdccBL \ ^ 

VASCytAR SYSTEM .~The vascular system is built on the same 
plan as that of Petramyzon. The subintestinal vein, which forms 
hepatic portel vein, runs to the Jiver in a portion of mesentery in 
company with the bile-duoC The veins in the body*wall (or somatic 
veins) consist of a pair of cardinal veMs running parallel with and 
on each side of the dorsal aorta. They connect with the sinus venosus 
of the heart by the ductus Cuvieri, which cross the coelom from the 
body-wall to the gut-wall in the transverse septum. The anterior 
cardinals bring the blood back from the head (orbital sinus and 
jugular), and from the ductus Cuvieri backwards the veins are known 
as posterior cardinals. In addition there are paired inferior jugular 
sinuses bringing blood back from the ventral regions of the head, 
and paired lateral abdominal veins draining the ventral posterior 
regions of the body-wall. All these lead into the ductus Cuvieri. The 
hyoid sinus i&fn the hyoid arch. 

The heart in its pericardium is bent on itself, and is in the form 
of an S. The sinus venosus, which receives the ductus Cuvieri and 
the hepatic sinus from the liver, opens into the auricle whence the 
blood passes through an opening guarded by valves to the thick- 
walled ventricle. This lies beneath and behind the auricle. In front 
of the ventricle is a muscular conus arteriosus with two rows of 
valves which prevent the blood from flowing back into the ventricle. 
The conus leads through a bulbus (see p. 286) to the ventral aorta 
from which five pairs of afferent branchial arteries are given off. 
These break down into the capillaries of the gill-lamell® in the hyoid 
and four branchial arches. Each set of lamellae on one wall of a slit 
is called a demibranch. There are two demibranchs in each gill-slit 
except the last, which has only an anterior one. 

The oxygenated blood is collected up into four efferent branchial 
arteries which correspond to gill-slits 1 to 4. They lead to the median 
dorsal aorta. Each efferent branchial artery is made up of two 
collecting vessels one on each side of a gill-slit and joining above it. 

Figure 32. Scyliium: diagrammatic view of the arterial system, and of the 
sympathetic, supra-renals, and inter-renal (female specimen). Partly 
from a drawing by Prof. J, Z. Young, F.R.S. 

c, caudal artery; Ca, cosUac artery; da, dorsal aorta; eb 2, second efibient 
branchial artery; efferent pseudobranchial artery; gl, first gill-slit; h, iliac 
artery; ic, internal carotid artery; ir, inter-renal body; k, mesonephric kidney; 
s, spiracle; sa, subclavian artery; sg, sympathetic ganglia, some of which are 
inteiconnected by the longitudinal sympathetic nerve^hains; sP, supra-renal 
.bodiei. , 
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Eaeli giB>atch thmfore coatdns twd sudi vessds and one aSi»eiu; 
YMid. The den^bnmch of the 5th gillrslit is drain^ by the ,4th 
cffmiit branchial alhery. The deniibranch of the spdracle reodves 
abeady oxygenated blood from the anterior demibranch of the 1st 
^Itdit. Since it does not oxygenate thu blood itself it is called a 
pseudobranch. The vessel leading from it to the internal carotid 
inride the skull is tlw efferent pseudobranchial artery, which can be 
seen at the back of the orbit or eye-socket. 

The anterior prolongation of the dorsal aorta is the internal 
carotid artery which pierces the base of the skull and supplies the 
brain. The dorsal aorta gives off pmred subclavian arteries to the 
pectoral fins. Into the mesentery suspending the gut it sends the 
following; coeliac, lieno-gastric, anterior and posterior mesentodc 
arteries, which between them vascularise the stomach, liver, intestine, 
and the well-developed spleen. Farther back the dorsal aorta gives 
off pelvic arteries to the pelvic fins and renal arteries to the kidneys 
as we xs branches to the gonads, and continues into the tail as the 
caudal artery. The blood from the tail is returned forwards by the 
caudal vein which forks, one branch going to each kidney as the 
renal portal vein. From there the blood is removed by the posterior 
cardinals. 

In addition to its normal salts, the blood of Selachians contains 
large concentrations (up to 2%) of urea, which plays a large part 
in the maintenance of a constant water-balance by enabling the 
animal to obtain pure water out of the sea by endosmosis (p. 351). 

DUCTLESS GLANDS (see Chapter XXXIII).— The spleen has 
already been mentioned ; it lies in the mesentery near the stomach 
(see p. 126). 

With the development of jaws, the ciliary mode of feeding has 
been abandoned. The wheel-organ of Amphioxus is represented by 
an octodei^mal ingrowth— the hypophysis, which comes into intimate 
contact with the infundibulum of the brain to form the pituitary 
body. 

The endostyle is not present as such, but it has been transformed 
into the thyroid gland, situated beneath the floor of the pharynx, 
as in the adult Petromyzon. In some dogfish, its cells still bear rilia 

The lining of the top of the gill-slits grows upwards to form a 
numlm of paired glandular masses; in close association with the 
anterior cardinal veins they form the thymus glands. Lying on the 
cou^ of the sympathetic nerve-chains, there are a number of 
bodies of the same origin and nature as the sympathetic ganglion- 
cells. They an the supra-renal bodies and originate from the nerve- 
tube. Posteriorly, between the kidneys is an elongated structure, the 
inter-renal, which is formed from the coriomic q>ithelium. It is 
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kteic^g to find &ew two of stroctum foe in hii^iar 

fonns tbcy oomlane to form the adrai^. 

Characters present in Scyllbm, which are lacking in Petromysan: 

Biting jaws; 

Paired fins; 

Denticles (“placoid scales”); 

Dermal fin>rays (ceratotrichia) ; 

Definite stomach and pancreas; 

Mixed spinal nerves (dorsal and ventral roots joined); 
Vertebral colunm constricting the notochord; 

Dorsal ribs; 

Myotomes separated into dorsal and ventral portions; 
Mullerian and Wolffian ducts; 

Seven segments included in the skull. 

Characters of ScylUum which are primitive when compared with 
higher forms: 

Absence of swim-bladder; 

Gill-slits opening separately to the outside; 

Heart with single auricle and single ventricle; 

Separate supra-renals and inter-rcnals. 
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CHAPTER V 


GADUS, A CHORDATE WITH BONE 

IXTBRNALS.-— The genus Gadus includes the cod, whiting, and 
haddock. In shape, Gadus differs from the do^h in being relatively 
shorter and more compressed from side to side. Gadus belongs to 
the group of higher bony fish known as the Teleostei, and in th^ 
the tail is typically fork^ and outwardly synunetrical, a conditioa 
called homocercaL In Gadus the tail is also outwardly symmetrical, 
but the tail-fin differs from that of other Teleostei in that it is 
merged with portions of the -dorsal and ventral median fins. It has 
therefore been called a pseudocaudal fin (see p. 28 (Q. 

There are three dorsal and two ventral median fins. Of the paired 
fins the pelvic pair is actually anterior to the pectoral pair in position. 

The mouth is bounded by tooth-bearing jaws. On the upper side 
of the snout, slightly behind the mouth, are the nasal, pits. Each of 
these is a cavity communicating to the exterior by two openings, but 
not in any way connected with the mouth. 

The eyes are large. The gill-slits do not open separately to the 
exterior, but they are covered over by an operculum. The water 
which emerges from the gill-slits passes between the hind and lower 
edges of the operculum and the body. There is no open spiracle. 
The cloaca is shallowed out, so that the anus and the urino-genital 
apertures are separate; the former in front of the latter. 

SCALES. — Scales form one of the most obvious features of the 
fish; they are arranged in W-shaped rows, overlapping from head 
to tail. Each row primitively corresponds to the underlying myotome, 
which is also W-shaped. It is important to notice that the scales are 
not external, but lie in the mesodermal tissue (from which they are 
formed) beneath the epidermis. The scales are thin, flat plates of 
material akin to bone. They are kept throughout life, and enlarge 
by concentric additions. These scales have nothing to do with the 
denticles or placoid “scales” of the dogfish. 

FIN-RAYS. — The fins are supported by fin-rays, but these, insti-aH 
of being homy and unjointed like the ceratotrichia of the dogfish, 
are bony and jointed, and are called lepidotrichia. In the more 
highly developr^ bony fish like Gadus, the lepidotrichia com^mnd 
in number to the radials of the axial skeleton, in the dorsal and 
ventral median fins. There is a Icpidotrichium on ea^ side of tiie 
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tip of ^^ach ai^ a joia^M^iyeeii itian tnai^ tiie of 

fia to Ibe raised or edge of. ^ fin, fiet^iweea die 



l^idotrichia, there are some small unjointed homy rays called 
actinotrichia. These correspond to the ceratotricbia of the dogfish. 
SKELETON, — The cartilaginous skeleton corresponding to that of 
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4**ffi*^ jui piesmt^n early stages of developmeat in the bony iSrii. 
In flw aduk, most nf this cartilage Is rq)Uced by an altogetlm 



differant skeletal material, viz. bone. Bones which arise in this 
manner, i.e. replacing pre-existent cartilage, are called cartilage- 
bemes or rqdacing bones. Some bones, on the other hand, have no 
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pfecurs^^ at aUL Tfa^ adse a$ mom or 

less flat plates in relation to surface of tie body» thoui^ they 
may sink deepo*. These are dermal or memWane-tenes. There is 
no differrace in structure between cartitage-^bones and inembrane- 
bones; the distinction applies only to the method of origin. Some- 
times a hpne which develops as a cartilage-bone in one animal may 
arise as a membrane-bone in another^ and vice versa, though these 
cases are rare. It is to be noted that as a rule a cartflage-bone 
represents an ossification in a cartilaginous structure which eidsts 
in the dogfish, whereas a membrane-bone is a structure which is 



palato-pterygo-quadiatc arch, (For lettering see p. 59.) 

wholly unrepresented in the dogfish. There is no doubt that the 
scales, fin-rays, and bones are kindred structures. 

SKULL. — As in other forms, the skull can be divided into the 
neurocranium or brain-case, and the splanchnocranium or jaws. 

On the floor of the brain-case are the basioccipital, prevomer, 
and parasphenoid; in front is the mesethmoid. The roof is formed 
by the paired nasals, frontals, parietals, and the supraoccipital. The 
foramen magnum, through which the spinal cord enters the skull, is 
bounded below by the basioccipital, above by the supraoccipital, 
and on each side by the paired exoccipitals. 

The auditory capsules are well ossified, and each contains five 
bones. The lower part of each capsule is made of a prootic in front 
3 * 
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and an (qrisfbotic Above these are the 8pheaotic,.pterottc, 

and q)io& bones. 

The skies of the brain-case are veiy incomplete. Anteriorly, riieK 
are the paired prefrontris, between the frontal and the paiasphmoid 

on each side. Farther 
back the paired latero- 
sphenoids are situated be- 
neath the edge of the 
frontal and in front of 
the prootic on each side. 
A large window is left 
open in the side of the 
brain-case, through which 
many nerves and blood- 
vessels pass from the 
skull to the ^ace in 
which the eye is lodged, 
called the orbit. Quite at 
the side there is a string 
of little bones which 
bound the orbit below 
and behind. These bones 
touch the prefrontal an- 
teriorly and the frontal 
behind. The most an- 
terior of the string is 
the lachrymal, and the 
following ones are the 
suborbitals and postor- 
bitals. 

Before leaving the 
neurocranium, mention 
must be made of the 
post-temporal, which 
touches the epiotic and 
pterotic behind. It will 
be noticed again in con- 
nexion with the shoulder 
girdle. 

The splanchnocranium consists of the bony supports of the 
visceral arches. In the branchial arches there are four elements on 
each side: pharyngo-, epi-, cerato-, and hypobranchial. The 
pharyngobranchials of the anterior branchial arches are ftised to- 
gether; the skeleton of the posterior branchial arch« is tes wril 
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devetopcd and ossifiedL The hypobranchials of the anterior thr^ 
braiichial arches articulate with a median and ventral basibranchiaL 
The fused phaiyngobranchials and the ventral elements of the last 
arch b^ teeth. 

The skeleton of the first two visceral arches (mandibular and hyoid) 
is somewhat modified. In the dogfish^ the palato-pterygo-quadrate 
cartilage forms the margin to the upper jaw, but in the bony &h 
this is no longer the case. Here it is formed by the paired premaxilla 
and maxilla. Lying median to these are the paired palatine (which 
touches the brain-case), the three pterygoids (ecto-, cndo-, and meta- 
pterygoid), and, farth^ back, the quadrate. These bones arise in 
relation to the palato-quadrate arch, and they therefore no longer 
form the upper boundary to the mouth, but lie at the sides of its roof. 
The quadrate articulates with a bone of the lower jaw called the 
articular, and which corresponds to Meckel’s cartilage in the dog- 
fish. Here again a new margin to the jaw is formed, by the dentary. 
The vcntro-posterior part of the lower jaw is formed by the angular. 

The suspension of the jaws is hyostylic, i.e. the quadrate is con- 
nected with the neurocranium by the hyoid arch. The hyoid-arch 
skeleton consists of an upper hyomandibula which articulates above 
with the auditory capsule, and is pierced by a foramen for the 
hyomandibular branch of the facial nerve. Beneath the hyomandi- 
bula is the symplcctic to which the quadrate is attached. The ventral 
portion of the arch is made up of the epihyal, ceratohyal, and 
hypohyal. The epihyal is connected with the symplectic by the 
intcrhyal. Below and between the hypohyals is a median basihyaU 
The ceratohyal bears branchiostegal rays. 

The operculum is a posterior extension of the hyoid arch, and it 
is supported by four bones which are fixed on to the hind edge of 
the hyomandibula and symplcctic. These are the preopcrcular, 
opercular, sub-, and interopercular bones. 

PECTORAL GIRDLE. — The primitive girdle corresponding to 
that of the dogfish is formed by a dorsal scapula and a ventral 
coracoid, on each side. Here they are ossified. With these the pectoral 
fin articulates by means of the radials. These radials are short and 
fused, and the web of the fin is supported by the lepidotrichia. 
Another series of bones is plastered on to this primitive girdle from 
in front. These bones are the cleithrum, post-cleithrum and supra- 
cleithrum. The supra-cleithrum articulates with the post-temporal 
so that the pectoral girdle is connected with the skull. There is no 
clavicle, though this bone is present in more primitive bony fiah. 

PELVIC GIRDLE. — ^The pelvic girdle is in the form of a pair of 
Y-shaped bones lying in the body-wall. The anterior forks of the Y 
of the bones on each side are join^ by a median cartilage. The pdvic 



OAOUS «I 

flits artirailate with the outn side of these boa^ The ntdiels iii the 
pdvie fins aie even ihore ledueed than tiiose ih the pectoials. 

VBi^EBRAL COLUMN.— The centia of the vertebral oohimn aie 
bony fflscs, concave on boUi ddes, and the vertebne axticidate with 
one anotho: means of facets or ^gapophyses. DorsaHy, each 
centrum bears a pair of processes which join to form the neural arch. 
This arch is produced farther into the neural spine. The radial sur- 
motints this and, in the regions of the dorsal fins, is articulated with 
the Ic^idotrichia. The radials scarcely project at all into the fins. 
The spinal nerves emerge between the neural arches. 

In the trunk-region, each centrum bears a pair of ventro-lateral 
processes, to which the (“ventral”, see p. 265) ribs are attached. In 
the region of the tail these processes are directed downwards, and 
join to form the haemal arches. These are prolonged into the haemal 
spines, which support the ventral lobe of the tail-fin. The neural 
arches correspond to basidorsals, and the ventro-lateral processes 
to basiventrals. The notochord is of course obliterated by the centra. 

Before leaving the skeleton, it remains to sort out the various 
bones into cartilage-bones and membrane-bones, and those whose 
constituents arise in both ways and which may therefore be called 
mixed bones. 


Cartilage-bones. Membrane-bones. Mixed bones. 

NEURO-CRANIUM. 


Basioccipital 

Exoccipital 

Supraoccipital 

Prootic 

ppisthotic 

Epiotic (a tendon-bone) 
Mesethmoid 
Laterosphenoid 
Basispbenoid: not 
always present 


Nasal 

Frontal 

Parietal 

Parasphenoid 

Prevomer 

Lachrymal 

Suborbitals 

Postorbitals 


Sphenotic 

Pterotic 

Prefrontal 


SPLANCHNO-CRANIUM. 


Quadrate 

Metapterygoid 

Articular 

Hyomandibula 

Symplectic 

Epihyal 

Ceratohyal 

Hypohyal 


Endopterygoid 

Ectopterygoid 

Premaxilla 

Maxilla 

Dentary 

-Angular 

Opercular 

Preopercular 


Palatine 
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QuiUageAmna, Membrane-hones. 

SBLANCHNO-CRA^IUM (contioued). 

IntNhyal Subopereular 

Basihyal Interopercular 

Pharyngobranchial Branchiostegal rays 

Epibranchial 
Ceratobranchial 
Hypobranchial 
Buibrancbial 

VERTEBRAL COLUMN. 

Centra 
Radials 

ATPENDICULAR SKELETON 

Scapula Cleithrum 

Coracoid (Clavicle) 

Pelvic Post-cleithrum 

Radials Supra<leithrum 

Post-temporal 

DERMAL SKELETON. 

. Lepidotrichia 
Scales 

It will be obvious from this table that the majority if not all of the 
cartilage-bones arc ossifications in cartilage which itself is repre- 
sented in the dogfish. On the other hand, there are no structures of 
any kind in the dogfish which have any connexion with the mem- 
brane-bones. The membrane-bones are of interest from two points 
of view. A number of them bear teeth ; premaxilla, maxilla (not in 
Ctubts, however), prevomer, dentary. Others enter into relations with 
tile lateral-line canal system, and these relations are of importance, 
for owing to their constancy they enable homologies to be made be- 
tween bones in fish and in higher Vertebrates. The lateral-line canal 
of the trunk runs forward from the tail, and in so doing it pierces 
the scales. On reaching the head it is protected by a few “lateral-line 
ossicles”, and then passes through the post-temporal to the pterotic 
and sphenotic. The supraorbital canal runs forwards over the tyt 
through the frontal and nasal ; the infraorbital canal pierces the chain 
of bones formed by the post-orbitals, infraorbitals, and lachrymal. 
The ^yomandibular canal runs down through the preoperculaT to 
the dentaiy. 


MboMbmes,; 

.... '4 
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taeOi.iiro iiii4ameatdly siit^ to t&e 4im^les 
or scales of the 4o8^5 but iil^d of bdES scattered aQ 

over tiie surface of the body, tiiey are restricted to the mouth. They . 
are ctnuposed of a core of dentine containing a pulp cavity, and are 
covered ovn vdth a cap of enamel. The bones which bear , teeth have 
been enumerated above. 4 

NBRVOus SYSTEM.— The brain and spinal cord lie in the long 
tubular cavity provided by the skull and neural arches of the verte- 
bra:. The spinal cord is essentially similar to that of the dogfish, and 
calls for no special description. The spinal naves, each composed of 
a doi^ and a ventral root, emerge tetween the neural arches. 

In the brain, the medulla oblongata is not voy different from the 
spinal cord. The cerebellum is well developed and projects down- 
wards and forwards beneath the roof of the midbrain forming the 
valvula, a structure which is peculiar to bony fish. The roof of tiie 
midbrain is produced into optic lobes. The floor of the forebrain 
projects downwards as the infundibulum, and is attached to the 
pituitary body and the saccus vasculosus. The latter structure, which 
is of doubtful significance, is peculiar to fish. It is a region of the 
brain-floor where the wall is thin, thrown into folds, and very richly 
supplied with blood-vessels. It has been supposed that its function 
is to secrete the cerebro-spinal fluid which fills the cavity of the brain 
and spinal cord, or to estimate the pressure of this fluid. The olfactory 
lobes are peculiar in that they are situated far forwards, close behind 
the nasal pits. They are connected with the rest of the brain by long 
olfactory tracts. 

The olfactory nerves are short, which fact is correlated with the 
length of the olfactory tracts. The optic nerves have no chiasma. 
The three eye-muscle nerves, oculomotor, trochlear, and abducens, 
are similar to those of the dogfish, and call for no special comment. 
The profundus is reduced, the trigeminal has the usual maxillary 
and mandibular branches.- 

The facial nerve has ophthalmic, buccal, and hyomandibular 
bnmehes, innervating respectively the supraorbital, infraorbital, and 
hyomandibular lateral-line canals. In addition, the facial nerve has 
a cutaneous branch which runs upwards and backwards, and divides 
into three nerves which can be seen immediately underneath the 
skin. One of these runs along the base of the median dorsal fins; 
another runs obliquely down across the side of the body to the 
median ventral or anal fin; the last branch runs to the pectoral and 
pelvic fins. 

The auditory nerve calls for no comment. The relations of the 
glossopharyngeal and vagus nerves to the gill-slits are the same as in 
the dogfish. The vagus supplies the heart and viscera, and also the 
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Ccff'tikige^boftes* Membrane'^bones. Mixed bones* 

SPLANCHNO-CRANIUM (continued). 

Intcrhyal Subopcrcular ^ 

Basihyal Intcropercular 

Pharyngobranchial Branchiostegal rays 

Epibranchial 

Ceratobranchial 

Hypobranchial 

Basibranchial 

VERTEBRAL COLUMN. 

Centra 

Radiais 

APPENDICULAR SKELETON 

Scapula Clcithrum 

Coracoid (Clavicle) 

Pelvic Post-cleithrum 

Radiais Supra-cleithrum 

Post-temporal 

DERMAL SKELETON. 

Lepidotrichia 

Scales 

It will be obvious from this table that the majority if not all of the 
cartilage-bones are ossifications in cartilage which itself is repre- 
sented in the dogfish. On the other hand, there are no structures of 
any kind in the dogfish which have any connexion with the mem- 
brane-bones. The membrane-bones are of interest from two points 
of view. A number of them bear teeth: premaxilla, maxilla (not in 
Gadus^ however), prevomer, dentary. Others enter into relations with 
the lateral-line canal system, and these relations arc of importance, 
for owing to their constancy they enable homologies to be made be- 
tween bones in fish and in higher Vertebrates. The lateral-line canal 
of the trunk runs forward from the tail, and in so doing it pierces 
the scales. On reaching the head it is protected by a few “lateral-line 
ossicles^, and then passes through the post-temporal to the pterotic 
and sphenotic. The supraorbital canal runs forwards over the eye 
through the frontal and nasal; the infraorbital canal pierces the chain 
of bones formed by the post-orbitals, infraorbitals, and lachrymal. 
The hyomandibular can^ runs down through the preopercular to 
the dentary. 
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teeth are fundamentally similar to the denticles 
or pkcoii scales of the dogfish, but instead of being scattered all 
over the surface of the body, they are restricted to the mouth. They 
are composed of a core of dentine containing a puh> cavity, and are 
covered over with a cap of enamel. The bones which bear teeth have 
been enumerated above. 

NERVOUS SYSTEM. — ^The brain and spinal cord lie in the long 
tubular cavity provided by the skull and neural arches of the verte- 
bra. The spinal cord is essentially similar to that of the dogfish, and 
calls for no special description. The spinal nerves, each composed of 
a dorsal and a ventral root, emerge between the neural arches. 

In the brain, the medulla oblongata is not very different from the 
spinal cord. The cerebellum is well developed and projects down- 
wards and forwards beneath the roof of the midbrain forming the 
valvula, a structure which is peculiar to bony fish. The roof of the 
midbrain is produced into optic lobes. The floor of the forcbrain 
projects downwards as the infundibulum, and is attached to the 
pituitary body and the saccus vasculosus. The latter structure, which 
is of doubtful significance, is peculiar to fish. It is a region of the 
brain-floor where the wall is thin, thrown into folds, and very richly 
supplied with blood-vessels. It has been supposed that its function 
is to secrete the cerebro-spinal fluid which fills the cavity of the brain 
and spinal cord, or to estimate the pressure of this fluid. The olfactory 
lobes are peculiar in that they are situated far forwards, close behind 
the nasal pits. They are connected with the rest of the brain by long 
olfactory tracts. 

The olfactory nerves are short, which fact is correlated with the 
length of the olfactory tracts. The optic nerves have no chiasraa. 
The three eye-muscle nerves, oculomotor, trochlear, and abducens, 
are similar to those of the dogfish, and call for no special comment. 
The profundus is reduced, the trigeminal has the usual maxillary 
and mandibular branches. 

The facial nerve has ophthalmic, buccal, and hyomandibular 
branches, innervating respectively the supraorbital, infraorbital, and 
hyomandibular lateral-line canals. In addition, the facial nerve has 
a cutaneous branch which runs upwards and backwards, and divides 
into three nerves which can be seen immediately underneath the 
skin. One of these runs along the base of the median dorsal fins; 
another runs obliquely down across the side of the body to the 
median ventral or anal fin; the last branch runs to the pectoral and 
pelvic fins. 

The auditory nerve calls for no comment. The relations of the 
glossopharyngeal and vagus nerves to the gill-slits are the same as in 
the dogfish. The vagus supplies the heart and viscera, and also the 
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lAteral line of the hunk. This nerve supplying the lateral line brandhes, 
one portion remaining close to the lateral>line canal, and the other 



runs a little below, at the level of the septum which divides the 
myotomes into dorsal and ventral portions. 

SENSE-ORGANS.— The nose is represented by paired nasal sacs 
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on the upper side of the snouts each with two openings, and without 
connexion with the mouth. The eye is similar in structure to that of 
the dogfish; but there is in addition a vascular process extending 
into the cavity of the eyeball known as the campanula Hallcri, 
which is attached to the retractor lends muscle. 

In the cars, the ductus endolymphaticus no longer maintains its 
persistent opening to the outside. In the saccule there are two large 
calcareous concretions or otoliths; otherwise the structure of the 
organ is similar to that of the dogfish. 

The lateral-line canals have already been mentioned, and their 
course and innervation described. 

ALIMENTARY CANAL. — ^Thc mouth leads into the pharynx, out 
of which the five pairs of gill-slits open. There is no open spiracle. 
The gill-arches between the slits are smaller than those of the dogfish, 
and do not form a broad s^tum as in that fish. This is correlated 
with the fact that they are covered over by the operculum. The gills 
are supported by two rows of branchial rays on each arch. 

Behind the pharynx, the oesophagus leads to the stomach which 
bears a number of blind tubes, the pyloric caeca. The liver has a gall- 
bladder from which the bile-duct runs to the intestine. The latter 
receives the pancreatic duct from the pancreas, makes a loop for- 
wards and back again and runs to the rectum, which opens at the 
anus. 

The swim-bladder is to be regarded as a derivative of the ali- 
mentary canal, and in many forms it retains its connexion with it by 
an open duct. This connexion has, however, been lost in Gadus^ and 
the swim-bladder is a closed sac which occupies the dorsal portion 
of the coelomic cavity, close up against the under side of the vertebral 
column. Its ventral wall is thick and is covered with the coelomic 
epithelium; its dorsal wall is very thin. Inside the bladder is a rete 
mirabile, a concentration of small blood-vessels forming a gland 
which secretes oxygen into the bladder. This “red” gland, as it is 
called, is supplied with blood by the mesenteric artery, like the other 
viscera. The function of the bladder is hydrostatic, for by varying 
the amount of gas which it contains (by passage of gas from the 
blood to the bladder or vice versa) the fish can accommodate itself 
to any given depth of water and maintain itself there without 
muscular exertion. As will be seen later, it probably corresponds to 
the lung of the air-breathing vertebrates. 

EXCRETORY SYSTEM.-— A pair of mesonephric kidneys extend 
longitudinally, dorsal to the swim-bladder and below the vertebral 
column. At their posterior ends they join, and the single median 
excretory duct runs ventrally, behind the swim-bladder to a urinary 
sinus. This opens to the exterior at the urinary aperture. 
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GENITAL sysTEM.--<7i2rf«5'(and thc higher bony fish) differs from 
the dogfish in that the urinary and genital systems arc not intimately 
connected. The testes arc elongated structures suspended in the 
codomic cavity on each side of the gut. They do not connect with the 
kidney, but join one another posteriorly, and send a single duct to 
open at thc genital aperture. In the female, the ovaries correspond 
in position to the testes. The remarkable thing is that the ovaries arc 
oiclosed in sacs which lead by a single duct to the genital aperture. 
Here, therefore, the eggs are never shed free into the ccelom, to enter 
thc open mouths of oviducts, 

VASCULAR SYSTEM. — The heart consists of sinus venosus, single 
auricle, single ventricle, and bulbus arteriosus. It is to be noticed 
that the muscular conus which was present in thc dogfish has dis- 
appeared, and has only left its valves as a vestige. The ventral aorta 
gives off four pairs of afferent branchial arteries, one ascending each 
of the first four branchial arches. From these arches the blopd is 
collected up into the efferent branchial arteries which run to the 
lateral dorsal aorta of their side. The lateral dorsal aortse are joined 
together behind the gill-region to form the single dorsal aorta, and 
they also join in front of the gills, so that a ring is formed called the 
circulus cephalicus. Anteriorly the internal carotids run to the head; 
behind, the dorsal aorta gives off the subclavian arteries to the 
pectoral fins, the cocliac and mesenteric arteries to the viscera, and 
continues backwards between the kidneys to the tail. 

The venous system does not differ in essentials from that of the 
dogfish. 

Gadus is a type of one of the most successful group of marine 
animals. It shows certain important advances over the condition of 
the dogfish, but when compared with higher forms most of its 
characters arc seen to be specialised and secondary. 

Characters of Gadus which show an advance over the conditions in 
Scyllium: 

Bone; 

New marginal skeleton to the jaws; 

New elements added to the pectoral girdle; 

Swim-bladder. 

Characters of Gadus which are secondary when compared with other 
forms: 

Continuity of thc gonads with their ducts; 

' Loss of optic chiasma; 

Loss of clavicle; 

Loss of conus arteriosus; 

Swim-bladder closed, and adapted to hydrostatic function. 
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CHAPTER VI 


CERATODUS, A CHORDATE WITH A LUNG 

EXTERNALS.— Ccra/oi/wj is the Australian lung-fish, a group of 
great importance, whose only other living representatives are 
Protoplerus in Africa and Lepidosiren in South America. It is not an 
uncommon thing for ancient and primitive groups of animals to 
have gone extinct everywhere except for definite, small, and isolated 
regions of the earth. These animals are therefore an example of 
discontinuous geographical distribution. 

In shape, Ceratodus is typically a fish. The median fins are remark- 




I'igurc .^9. Ceuiifldus: view fiom the left side. (Partly after Goodrich.) 

e, eye; pc and pi, pectoral and pelvic “archipteiygial” fins; tf, tail-fin 
(diphycercal?). 


able in that the dor.sal, caudal, and ventral fins are all continuous 
with one another. Further, the tail-fin is symmetrical and pointed, 
and re.scmbles the primitive diphycercal type, such as is found in 
Cyclostomes, There is, however, u certain amount of doubt as to 
whether the tail-fin of Ceratodus is primitive. When a tail such as this 
is derived sa'ondarily by simplification from another type (as is the 
case in the cel, for example) it is called gephyrocercal. 

The paired fins are elongated and leaf-like. They have a central 
axis bearing radials both in front and behind, a condition known sCs 
bisaiial, and they conform to the type known as “archipterygial”. 
Both the paired fins and the dorsal fin are covered with scales. 

The gill-slits, five in number, are protected by an operculum. The 
spiracle is closed. The anterior nostrils are on the ventral surface of 
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the snout, and behind them are the posterior nostrils which open 
into tihe mouth. There is a cloaca into which the alimentary, excre- 
tory, and geniml systems open, as also do a pair of abdominal pores. 

SCALES. — ^The scales are thin and covered with spines which must 
not be mistaken for denticles. They overlap one another from before 
backwards as in Gadus^ and they also extend over the dermal bones 
of the skull and the paired fins, and the dorsal fin. 

FIN-RAYS. — ^The dermal fin-rays are jointed and made of fibrous 
substance. They diflFer from the lepidotrichia of Gadus in being more 
numerous than the radials, and in being covered over by scales. No 
actinotrichia are present, and it is uncertain whether these rays, 
which are called camptotrichia, represent the ceratotrichia of 
Scyllium or the lepidotrichia of Gadus. 

SKULL. — ^The skeleton is largely cartilaginous, and little of this 
primitive skeleton is replaced by bone. The neurocranium forms a 
complete case enclosing the brain, olfactory and auditory capsules, 
and several vertebrae are plastered on to its hind end. As some of 
these bear ribs, the latter appear to articulate with the skull, and are 
called cranial ribs. The only canilage-bone in the neurocranium 
represents one of the neural arches which have been incorporated as 
just described. The membrane-bones which cover the dorsal surface 
of the neurocranium are sunk beneath the surface of the skin and are 
themselves overlain by scales. These bones are very modified and 
secondary, there is a preponderance of median unpaired bones, and 
as they cannot well be compared with those of other forms, there is 
little advantage in studying them in detail. On the underside of the 
neurocranium are to be found a parasphenoid, prevomer, and 
paired pterygo-palatines. 

The splanchnocranium is important because of the manner in 
which the upper jaw is fastened on to the skull. The quadrate is 
directly attached to the neurocranium by cartilaginous processes: 
a basd process and an otic process. There is also an ascending 
process. This method of suspension of the jaws is called autostylic; 
the hyomandibula plays no part in it. The relations of the basal, otic 
and ascending processes to the neighbouring nerves, veins, and 
arteries are important, and most of them will be found to be identical 
in all the remaining groups of vertebrates. The ascending process 
lies between and separates the profundus from the maxillary branch 
of the trigeminal (i.e. it is situated between and V2); the palatine 
nerve runs down behind and forwards beneath the basal process; 
while the facial nerve (hyomandibular branch) and jugular vein pass 
on the inner and under side of the otic process. 

The premaxilla and maxilla have disappeared, and consequently 
there are no teeth round the edge of the jaws. In the lower jaw the 
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drataiy is very much reduced. Teeth are carried on the prevomer, 
ptcrygo-palatinc, and splenial (memhrane-bone). An angular is 
present in the lower jaw. 

In the hyoid arch there are a very small hyomandibula, and well^ 
developed ceratohyal, hypohyal, and basifayal. The skeleton of the 
branchial arches also is not very well developed, and the arches do 
not carry any branchial rays. 

The operculum is supported by opercular and subopercular bones. 

VERTEBRAL COLUMN. — ^Thc Vertebral column, which is con- 
tinuous in front with the hind end of the skull, is made up of paired 
basidorsal and basivcntral cartilaginous elements, which do not 
interrupt the notochord. The basidorsals rise up into bony neural 
arches and neural spines which are attached to the jointed radials 
supporting the median fin. The basiventrals in the hinder region 
form hiemal arches carryii^ haemal spines and radials supporting 
the ventral median fin. Farther forwards the basiventrals are pro- 
duced into ribs. These do not extend into the horizontal septum 
between the dorsal and ventral portions of the myotomes, like the 
true or “dorsal” ribs of Scyllium, Instead, they bend down and lie 
just outside the outer lining of the ccelom. From their position they 
are known as “ventral” or pleural ribs. 

LIMBS AND GIRDLES.-— The primitive pectoral girdle is cartila- 
ginous and composed of paired dorsal scapular regions, and ventral 
coracoid regions, which latter are joined to one another in the mid- 
ventral line. Overlying this arc the membrane-bones, clavicle, 
cleithrum, and the post-temporal which connects the girdle with the 
hinder part of the skull. 

The pelvic girdle is formed of a median Y-shaped cartilage with 
the prongs directed backwards and articulating with the pelvic 
fins. 

The fins are covered with scales. Their endoskeleton is cartilaginous 
and composed of a long central axis of about twenty pieces, tapering 
away to the tip. On each side of this axis are radials (pre- and 
postaxial). Beneath the scales are the camptotrichia. 

TEETH.— ‘The plates of teeth, which are firmly attached to the 
prevomer, ptcrygo-palalincs, and splcnials, are the result of fusion 
of separate teeth. 

alimentary canal. — 111 its main lines the alimentary canal 
does not differ much from that o^Scy Ilium, with a spiral valve in the 
intestine. Its most interesting and important feature is that in the 
floor of the oesophagus there is an opening (the glottis) leading to a 
tube or trachea which passes up round the right side of the gut to the 
lung. This is a large sac with highly vascular walls surrounding a 
cavity which is subdivided into little chambers or “cells”. In the 
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^ lung tibe blood can be oxygenated when the water in which the animal 
^iives becomes polluted, and the animal rises to. the surface to take 
in air through the nostrils. It is this capacity of breathing by means 
of hings and gills which is responsible for the name of the group 
Dipnoi, to which Ceratodus belongs. The lung is homologous widi 
the swim-bladder of Gadus, 

VASCULAR SYSTEM. — ^Blood is Supplied to the lung by branches 
of the last (6th) efferent branchial artery, which can now be called 
pulmonary arteries. The right pulmonary artery runs direct to the 
lung, but the left passes down under the gut and up again on the 
right side parallel with the windpipe or trachea. This shows that 
the primitive position of the lung was ventral, and that it moved up 
the right side, whither it is followed by the left pulmonary artery. 



Figure 40. Ceratodus: skeleton of the pectoral fin, showing the “archi- 
pterygial” structure, with an axis (a), bearing a preaxial (pr) and 
postaxial (po) radials. 

Blood leaves the lung by the pulmonary veins, which unite to form 
one vein. This vein also passes down on the right side of the gut and 
goes right through the sinus venosus to open into the left side of the 
auricle. The auricle itself is partially divided into two by a septum, 
so that th6 blood (oxygenated) from the lung comes in on the left, 
and that from the rest of the body (de-oxygenated) enters on the 
right from the sinus venosus. The ventricle is single, but the conus 
arteriosus is nearly divided into two by enlarged valves. 

The ventral aorta leads forwards from the conus and gives off 
four pairs of afferent branchial arteries. The two collecting vessels in 
each gill-arch join to form the efferent branchial arteries which 
combine to form the dorsal aorta. The arrangement of the valves in 
the conus and truncus arteriosus is such that the blood from the 
sinus venosus tends to go into the posterior branchial arches (and 
so to the pulmonary arteries), while that from the pulmonary vein 
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gets into the anterior arches. There is therefore an attempt to separate 
the circulation of the freshly oxygenated blood from that of th©^ 
impure bloc^ which should go and be oxygenated. 

There are two important points to notice in the venous system. 
The posterior cardinal on the right side loses its connexion with the 



Figure 41. Ceratodiis: diagram of the relations of the lung, heart, and 
vascular system seen from the ventral side (combined from diagrams 
after Baldwin Spencer, simplified). 

oa, anterior abdominal vein; ad, afferent branchial artery; d, brachial vein; 
ea, efferent branchial artery; external jugular vein; g, ^ottis; ij, internal 
ju^tar vein; /, lung; la, left auricle; //, left lateral abdominal vein; left 
puunonary artery; Ipc, left posterior cardinal vein; o, oesophagi ; p, pharynx; 
pv. pulmonary vein; r/, right lateral abdominal vein; rpa, right pulmonary 
artery; rpe, right posterior cardinal vein (remnant) ; rves, right vena cava superior; 
r, truncus arteriosus; it/, vena cava inferior. 

ductus Cuvicri. Instead, it has developed a new connexion with the 
sinus venosus, forming the inferior vena cava. The ductus Cuvicri 
can also be called the superior vena cava (right and left). The lateral 
abdominal veins unite in the midventral line and so give rise to an 
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antenpr abdominal vein, which runs into the right ductus Cuvieri 
. close to its connexion with the sinus venosus. 

The hindmdst portions of the posterior cardinal veins bring blood 
from the posterior region of the body to the kidneys, and so form 
renal portal veins. Blood leaves the kidneys by the left posterior 
cardinal and the inferior vena cava. 

URINO-GENITAL SYSTEM. — ^Thc excTctory system is similar to 
that of Scyllium. The mesonephric kidney^ are elongated, and con- 
nect by means of Wolffian ducts with the cloaca. The testis is con- 
nected'with the kidney by vasa efferentia, and the Wolffian duct 
functions as a vas deferens. In the female, the eggs from the ovary 
are shed freely into the ccelom, and enter the openings of the Mhller- 
ian ducts which lead them to the cloaca. 

NERVOUS SYSTEM. — ^The most remarkable feature of the nervous 
system is the formation of cerebral hemispheres in the telencephalon 
(end-brain). They are hollow outgrowths from the diencephalon 
projecting forwards side by side. A transverse section in the region 
of the brain of Ceratodus therefore would show a pair of cavities, 
not a single cavity as in lower forms. The cavities of the cerebral 
hemispheres are the so-called first and second ventricles of the brain; 
they communicate with the cavity of the rest of the forebrain (third 
ventricle) through the foramina of Monro. This is the first appear- 
ance in the vertebrate series of the organs which mean so much in 
the supremacy of man over other animals. In Ceratodus, the roof of 
the cerebral hemispheres is still membranous. The cerebellum is 
small. , 

As regards the sense-organs, the eyes and ears present no striking 
features. It must be remembered that the nasal sacs each have two 
openings. The lateral line is somewhat degenerate, and in some 
regions may consist of a groove instead of a canal. 


Characters of Ceratodus and other Dipnoi which are lacking in other 
living fish, but present in Amphibia: 

Respiratory lung; 

Pulmonary arteries and veins; 

Divided auricle, and conus arteriosus; 

Vena cava inferior; 

Anterior abdominal vein; 

Anterior and posterior nostrils; the latter within the mouth; 
Autostylic suspension of jaws; 

Ascen^g process; 

Cerebral hemispheres. 
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Qwwters of Ceratodus wMeh are primitive when compared with 
other 
Cloaca; 

Contractile conus; 

Uiunterrupted notochord; 

Dipbycercal tail? 

Spiral valve in intestine. 

Characters of Ceratodus which are secondary and specialised: 

Loss of Maxilla and Premaxilla; 

Median membrane*booes over the skull; 

Lack of ossification in the cartilaginous neurocranium; 
Specialised tooth-plates; 

Fusion of vertcbrs on to the back of the skull; 

Ventral ribs; 

Rotation of the lung to the dorsal position. 

It will be obvious from these tables that Ceratodus and the Dipnoi 
generally are very remarkable animals. On the one hand, they have 
a surprising number of characters which no other fish possess, and 
which are typical of Amphibia; yet, on the other hand, their relation- 
ship with the Amphibia cannot be very close, because of the large 
number of specialised characters which they show. 
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CHAPTER Vlt 


TRITURUS: A CHORDATE WITH 5-TOED LIMBS 

EXTERNALS.— 7>i7umv, the newt, is sharply distinguished from all 
the types so far described, because its limbs end in fingers and toes 
instead of being fins. The foot has five toes, but in the newt and 
allied animals, the number of fingers on the hand has been reduced 
from five to four. Triturus and all higher vertebrates are typically land- 
animali, and are collectively called the Tetrapoda. Some of them, 
however, have reverted to the condition of living in water, in varying 
degrees. So the whales, seals, and hosts of extinct marine rq>tiles 
have come to live almost if not entirely in water, and the newt also 
spends more of its time in water and is more adapted to it than its 
ancestors were. This secondary return to aquatic conditions is, how- 
ever, easily and fundamentally distinguished from the primitive 
aquatic habit of the fish. The possession of typically 5-fingered, 
“pentadactyl”, limbs is a sure criterion of'a terrestrial animal, or of 
one whose ancestors were terrestrial. As an example of the secondary 
readaptation to aquatic conditions may be mentioned the webs of 
skin which in some species of newts extend between the fingers, and 
are used for swimming. 

The skin is soft and slimy owing to the presence of glands, and is 
used largely as a respiratory surface for the oxygenation of the 
blood. There are no scales or fin-rays of any sort. The tail carries 
a continuous median dorsal and ventral fin, and in the male animals 
of some species there is also a fin along the back, which becomes 
enlarged at the breeding season. 

The first part of the life is spent in the water in which the eggs are 
laid and hatched, and since the early stages are aquatic and the . later 
ones terrestrial, these animals (newts, toads, and frogs) are called 
Amphibia. In the early larval condition there are external gills, and 
subsequently three pairs of gill-slits. These disappear when the 
animals metamorphose and come out on land. 

The aquatic larvae have lateral-line organs, disposed in a similar 
maimer to those of fish, only they are sunk in a groove instead of 
bdng in a canal. When the newt emerges from the water in the 
summer, these organs degenerate somewhat. They reappear when 
the newt returns to the water, as it does at the next breeding season. 
If not before. 
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Tlie mouth is wide, and the external nostrils are just above it. 
The eyes are small. The alimentary, excretory, and genital apertures 
are situated in a cloaca just in front of the base of the tail. 

SKULL.— The cartilaginous neurocranium is very similar to that 
of Ceratodus. The suspension of the jaws is autostylic, and besides 
the basal and otic processes, there is also an ascending process. These 
processes have precisely the same relations to the neighbouring 
blood-vessels and nerves as they have in Ceratodus. Only a little of 
this cartilaginous brain case and olfactory and auditory capsules is 
replaced by cartilage-bone. On each side, anteriorly, are the orbito- 
sphenoids. Posteriorly are the prootics and exoccipitals, which form 
the condyles with which the skull articulates with the first vertebra. 

The membrane-bones covering the skull dorsally are paired nasals, 
prefrontals, frontals, and parietals; on each side of the latter are the 
squamosals which overlie the quadrates. On the under side are the 
paired prevomers, pterygoids, and the parasphenoid. 

Paired maxillae are present, and the two premaxillae have fused 
together in front. The pterygoids (dermal bones) extend freely for- 
wards from the quadrates. In the lower jaw, part of Meckel’s cartilage 
ossifies as the articular, which is encased anteriorly between two 
membrane-bones; the (lateral) dentary and the (medial) splenial. 
The surfaces by which the quadrate and the articular are in contact 
arc cartilaginous. The ceratohyals and the ventral elements of the 
first two branchial arches form a framework often called the “hyoid”, 
lying under the floor of the mouth, and of importance in breathing. 
When this floor is lowered, air is drawn in through the nostrils. 
These are then closed and the floor raised, with the result that the 
air has to pass down the throat and into the lungs. 

Teeth are carried by the premaxilla, maxilla, prevomer, and 
dentary. They are similar to the teeth of fish already described, but 
now they are firmly fixed on to the bones which carry them. 

The vagus nerves emerge just in front of the back of the skull, and 
the hypoglossal roots emerge behind it. Six segments are included in 
the skull. 

VERTEBRAL COLUMN. — The Vertebrae are elongated cylinders, 
articulating with one another by zygapophyses and cartilaginous 
pads on their front and rear surfaces. The notochord is much con- 
stricted. Each vertebra bears a pair of neural arches above, and those 
of the tail also have ha;mal arches beneath. The trunk-vertebr« 
(except the first) bear lateral transverse processes, with which the 
ribs articulate. The latter are “true” or dorsal ribs. The first vertebra 
is modified in connexion with its articulation with the condyles of 
the skull. The ribs belonging to one vertebra arc modified and 
attached to the ilia of the pelvic girdle, forming the sacrum. 
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pfiCTpEAt tlMB AND GIRDLE.— The pcctoral girdle is rcpre- 
sealed only by tbe primitive cartilaginous girdle of the endoskeleton, 
and indeed it remains largely unossified. The dermal or membrane-^ 
bon^ of the girdle of other forms have* disappeared. There is a 
dorsal scapula, and a ventral portion in which there may be dis- 
tinguished: an anterior cartilaginous precoracoid and a posterior 
partly ossified coracoid. A sternum is present as a median plate of 
cartilage, overlapping the coracoid. 

The fore limb is divisible into three regions: upper arm, forearm, 
and hand. The skeleton of the limbs is derived from the radials of 
the fins of fish, and consequently its bones are cartilage-bones. The 
bone in the upper arm is the humerus, which fits into the glenoid 
cavity of the girdle, proximally. Distally, it articulates with the 
radius and ulna of the forearm. The radius is the anterior of the two, 
i.c. prcaxial. These two bones in turn articulate with the bones of the 
wrist or carpus, which is composed of seven small carpal bones. 
The radialc (scaphoid) and ulnare (cuneiform) articulate with the 
radius and ulna respectively. Typically there are three bones in this 
proximal row, the additional one being the inter-medium Ounar) 
which here is fused with the ulnare. Next, there is a centrale, and the 
distal row of carpals is formed of four bones. The bones of the fingers 
are the mctacarpals, and two or more phalanges, according to the 
finger. The first finger has been lost, so the others are numbered 2 to 5. 
The digital formula by which the number of phalanges is expressed 
is: 0, 2, 2, 3, 2, 

PELVIC LIMU AND GIRDLE. — ^Thc pelvic girdle also consists of 
a dorsal and two ventral elements. Dorsally, the ilium leads from the 
acetabulum to the modified rib of the vertebra forming the sacrum. 
The posterior ventral element is the ischium: both ilium and ischium 
* arc bony. The anterior element is the pubis which remains carti- 
laginous, and bears another cartilaginous process akin to the 
sternum projecting forwards. The ischium and pubis meet their 
fellows of the opposite side in the middle line. 

Like the fore limb, the hind limb can be divided into three parts: 
thigh, shank, and foot. The bone of the thigh is the femur, which 
articulates with the acetabulum of the girdle. Distally, it joins the 
tibia (prcaxial) and fibula of the shank. The ankle or tarsus is very 
similar to the wrist. The three proximal tarsal bones are separate: 
tibWe, intermedium (together possibly equivalent to the astragalus 
of higher forms), and fibulare (calcaneum). The second row is repre- 
sented by the ccntralc (navicular), and the distal row by four bones. 
The proximal bones of the toes are the metatarsals, bearing the 
phalanges. The digital formula is 2, 2, 3, 3, 2. 

aliiientary system. — ^Thc floor of tbe mouth carries a tongue, 
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of wbkh th^ hind edge is fr^.^ Salivaty glands arc present, opening 
into the mouth* The glottis lies on the floor of the pharynx and leads 
to the windpipe* The stomach is typical and the intestine makes a 
few loops b^ore leading to the rectum, which opens into the cloaca* 



Figure 46, Triturus: dissection of female seen from the ventral side. 

bt bladder; bd, bile-duct; ca, carotid arch; cl, cloaca; da, dorsal aorta; gb, 
gall-bladder; h, heart; i, intestine; k, mesonephric kidney; /, liver; In, lung; 
Md, Mullerian duct; o, ovary; p, pharynx; pn, pancreas; r, rectum; s, stomach; 
sa, systemic arch; sp, spleen; IVd, Wolflian duct. 

Ventral to the rectum is a sac which is formed as an outgrowth from 
it, the bladder. This sac is of great importance in the evolution of 
the Ifighcr vertebrates, where it gives rise to the allantois.' For th^ 
reason the bladder of Amphibia is called “allantoic’*, to distinguish 

* This tongue has nothing to do with the similarly named structure in 
Fetramyzon. 
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it ffom the swdlings of the urinary ducts or “bladders’* of fish. The 
liver is divided into several lobes, a gall-bladder is present and flie 
Iriloduct which leads from it joins the duct from the pancreas to 
open into the intestine. 

' RESPIRATORY AND VASCULAR SYSTEMS.— The windpipC, OF 

trachea, leads back ventral to the gut and divides into the two 
bronchi leading to the lungs. These differ from the lung of CeratoAis 
only in that they arc paired, and that they maintain their primitive 
position ventral and lateral to the gut. In the adult the gill-slits have 
disappeared, and the afferent and efferent branchial arteries are 
directly continuous instead of being separated by the capillaries of 
the gills. These arteries are now called arterial arches, and they run 
round the pharynx from the ventral to the dorsal side as if they were 
still separated from one another by the gill-slits. The ventral aorta 
is shortened up so much that the arterial arches come off from the 
truncus arteriosus, close to the heart. The 1st arterial arch runs in 
the mandibular arch, and the 2nd arterial arch likewise ascends the 
hyoid arch. Although present in the embryo, these arterial arches 
disappear. The 3rd arch persists as the carotid. At its base is the 
lingual artery which represents the anterior prolongation of the 
original ventral aorta. The carotid then passes through the carotid 
gland (see p. 346) and ascends the 3rd visceral (1st branchial) arch 
until it reaches a position dorsal to the pharynx. Here it turns for- 
wards and enters the skull. It is the anterior prolongation of the 
original dorsal aorta. 

The 4th arterial arch is known as the systemic. It goes up in what 
was the 4th visceral (2nd branchial) arch and turns backwards. 
Arrived here, dorsal to the pharynx, this vessel is exactly in the 
position of and corresponds to the lateral dorsal aorta of fish, only 
it has lost its connexion with its anterior prolongation which is now 
the internal carotid. This connexion, when present, is called the 
ductus caroticus. 

The 5th arterial arch disappears in Triturusy though it is present in 
the nearly related form SalamandrOy where it leads from the truncus 
up the 5th visceral arch and joins the lateral dorsal aorta. 

The 6th arterial arch persists as the pulmonary. It also runs up 
round the phaiynx and joins the lateral dorsal aorta, and, just as in 
Ceratodus^ it gives off an artery which runs backwards to the lungs, 
on each side. The lungs are symmetrical, and the pulmonary arteries 
do not twist round tlie gut as in Ceratodus. The connexion between 
riie pulmonary artery and the lateral dorsal aorta is called the fiuctus 
arteriosus, or ductus Botalli. 

The lateral dorsal aorta; join one another in the middle line above 
the gut to form the dorsal aorta. On the way, several arteries are 
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Figure 47. Salamandra : dissection of male seen from the ventral side. 

The nerves are shown on the left and the urinogenital ducts on the right. 
Sa, fifth arterial arch; aa, anterior abdominal vein; ab, adrenal bodes; bp, 
br^hial plexus; c, cloaca; ca, carotid arch; cd, collecting ducts from the excretory 
portion of the kidney; cla, cocUac artery; cv, caudal vein; d, dorsal aorta; da, 
ductus arteriosus; ej, external jugular vein;/, femoral vein; ij^ internal jugular 
vein; k, mesonephric kidney; pa, pulmonary artery; pc, posterior cardinal vein; 
pv, ^vic vein; r, rectum; rp, renal portal vein; sa, subclavian artery; sv, sub- 
clavian vein; sy, systemic arch; sye, sympathetic nerve-chain; syg, sympathetic 
gaogpon and sopca-tenal body; t, testis; ta, truncus arteriosus; vd, vena cava 
iafimxr; ves, vena cava superior; vd, vas ddoens; ve, vasa effmatia. 
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given off: the subclavians to the fore limbs, the cutaneous to the 
skin, and, near the point of junction, the coeliaco-mesenterioi^diich 
runs vcntrally in the mesentery suspending the gut, and ^4a^Ues 
blood to the viscera. The dorsal aorta continues runnihii, ^ack, 
"Supplying the kidneys on the way, and gives off the two iliac aiv yies 
which supply the hind limbs; thence it runs on into the tail. 

As in Ceratodus, the sinus venosus receives three large v^iS. 
These are the paired ductus Cuvieri or superior venae cavae, and me 
single inferior vena cava. Each superior vena cava is made up of four 
principal veins; external jugular (from the ventral regions of the 
head and tongue); internal jugular, corresponding to the anterior 
cardinal (from the dorsal regions of the head, brain, and skull); 
subclavian, itself made up of the brachial from the fore limb and the 
cutaneous from the skin; and the posterior cardinal (anterior 
portion). 

The inferior vena cava receives the hepatic veins from the liver, and 
the renal veins from the kidneys. Blood returns from the tail by the 
caudal vein which divides into two; each portion connects with two 
veins coming from the hind limb (femoral and sciatic) and runs as 
the renal portal vein to the kidney of its side. All the blood from the 
hind regions of the body is not bound to take this course, for instead 
of engaging in the renal portals it may enter the pelvic veins which 
run towards one another, join in the midventral line, and proceed 
forwards as the anterior abdominal. This vein connects with the 
hepatic portal vein, which collects up the blood from the intestine 
and takes it to the liver. 

From the lungs, the pulmonary veins return the oxygenated blood 
to the left auricle of the heart. 

The heart consists of the two auricles and the single ventricle. 
It is to be noticed, however, that the septum separating the two 
auricles is perforated, allowing blood to pass from one side to the 
other. Leading from the ventricle is the conus arteriosus, which, as 
in Ceratodus, is provided with valves. The truncus represents the 
ventral aorta very much shortened up; in its anterior region just 
before giving ofl the arterial arches, it is divided into two by a 
horizontal septum, forming a cavum pulmonale (leading to the pul* 
monary arch) and a cavum aorticum (leading to the systemic and 
carotid arches). 

The circulatory system is on the whole very similar to that of 
Ceratodus. It is to be noted that the separation of the venous blood 
from the arterial is still far from complete. The blood is oxygenated 
in the lungs and in the skin. It returns from the lungs to the left 
auricle by the pulmonary veins, and from the skin to the right 
auricle by the cutaneous, subclavian, superior vena cava, and sinus 
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venosus. Tbe remainder of the blood entering the right auricle is 
venous. 

URINO-GENITAL SYSTEM— The mesonephric kidneys project 
downwards from the roof of the coelomic cavity, covered over by 
codomic epithelium; they are therefore more easily visible than those 
of fish. The tubules of the kidneys are drained by the Wolffian ducts 
which lead into the bladder. In the male, the vasa efferentia from the 
testis lead through the anterior tubules of the kidney and so into the 
Wolffian ducts which become the vasa deferentia. The more posterior 
tubules of the kidney are solely excretory in function, and they do 
not connect with the Wolffian duct until the latter is close to the 
cloaca. This is a step in the direction of separating the genital from 
the excretory ducts, which would be effected if the ducts from the 
purely excretory part of the kidney were to move still farther down 
the Wolffian duct and eventually open directly into the cloaca. 

\ In the female, the Wolffian ducts are solely excretory in function, 
\ and the Mullerian ducts or oviducts, which open into the coelomic 
^cavity anteriorly, receive the eggs and convey them down to the 
doaca into which they open separately. 

The kidneys retain their open ciliated funnels, leading into the 
coelomic cavity (coelomostomes). 

NERVOUS SYSTEM.— The brain has large elongated cerebral 
hemispheres, in the roof of which nerve-cells appear. The floor and 
side of the hemispheres form the corpus striatum. The cavities of 
these hemispheres (1st and 2nd ventricles) communicate with that 
of the diencephalon (3rd ventricle) by the foramina of Monro. The 
pineal projects upwards from the roof, and the infundibulum down 
from the floor of the diencephalon; and a choroid plexus projects 
into the 3rd ventricle. There is no saccus vasculosus. The roof of the 
midbrain forms the optic lobes, which are joined in the middle line 
and do not present a double appearance. The hind brain has a 
cerebellum and a choroid plexus projecting into the 4th ventricle. 

The cranial nerves are similar to those of the dogfish, except for 
the fact that the disappearance of the lateral-line organs (or their 
very great reduction) entails the disappearance of those nerves which 
supply them, viz. superficial ophthalmic, buccal and mandibularis 
extemus of the facial, and lateralis of the vagus. There is a further 
simplification owing to the closure of the gill-slits. The glosso- 
pharyngeal is distributed to the tongue and pharynx. The vagus 
supplies the muscles of the larynx, and also sends parasympathetic 
fibres to the heart, stomach, and intestine. The hypoglossal comes 
out behind the skull and is counted as the 1st spinal nerve; it runs to 
the muscles beneath the tongue which actuate the "*hyoid'" plate 
for the purpose of breathing. The spinal nerves to the limbs are 
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groiji|)Cd, foniiitig th6i brachial and sciatic plexus for the fore and 
hind Itob respectively. 

As in the dogfish, there are sympathetic nerve-chains on each ^de 
of the dorsal aorta. They continue forwards accompanying the 
internal carotids into the head. They join the sympathetic ganglia to 
one another, each receiving in addition a ramus communicans from 
its corresponding spinal nerve. 

SENSE-ORGANS— The lateral-line sense-organs have already been 
mentioned. The cars arc in a degenerate condition in Triton* for 
although they appreciate vibrations in air, i.e. sound, their structure 
is not typical of land-vertebrates, and will not be considered here. 
It may be mentioned, however, that the tympanic cavity which is 
characteristic of the cars of other Tetrapods and which is homo- 
logous with the spiracular slit of the dogfish, is not developed; and 
that the car-drum or tympanic membrane is also absent. 

The lens of the eye is attached to a protractor lentis muscle, con- 
traction of which increases the distance between the lens and the 
retina and accommodates the eye for near vision. There is a retractor 
bulbi muscle which pulls the eyeball in, and depresses the roof of 
the mouth, which action assists in the process of swallowing. 

MESODERM AND CCELOM. — An important feature is that 
waif separating the pericardium from the perivisceral cmlom is Vety 
thin and membranous, and unlike the stiff partition present in the 
dogfish and Gadus, The amphibian condition is already fore- 
shadowed in Ceratodm, and it results in the fact that the heart and 
pericardium project back into the perivisceral cavity, ventral to the 
gut. 

The first three somites give rise to the eye-muscles. The 4th dis- 
appears during development, and the 5th produces muscle-fibres 
which persist. 

DUCTLESS GLANDS. — The thyroid arises from a downgrowth 
from the floor of the pharynx and afterwards divides into two, right 
and left. The groups of vesicles of which it is composed are sur- 
rounded by connective tissue. Close to it are the parathyroids, on 
each side, and developed from the ventral region of the gill-slits 
which close up at metamorphosis. Their origin is therefore segmental, 
and it is worth noticing that parathyroids do not appear in verte- 
brates with persisting water-breathing gills. 

The thymus glands arise from the dorsal sides of the gill-pouches, 
and are therefore also segmental in origin. 

The adrenal bodies arc in a very interesting condition. They con- 
sist of islands of tissue overlying the ventral surface of the kidnqrs 
and extending forward as isolated lumps at the side of the dorsal 
aorta. The bodies consist of two kinds of tissue: cortical, corres- 
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ponding to the inteM«ial of the dogfish, and ipedalliaiy or chrom- 
affine tissue, corresponding to the suprarreaab of the doj^h, and 
likd them derived from the sympathetic nervous system. The cortex 
(and inter-renal) is formed from the colomic epith^iun. In ffie 
region of the kidney, the adrenal bodies are composed of both 
cortical and medullary tissue, as in the higher vertebrates. The 
bodies in front of the kidneys, however, may consist entirely of 
medullary tissue, as in the supra-renals of the dogfish^These aniquils 
therefore provide a very interesting intermediate condition. 

The pituitary consists of four parts. The pars nervosa is formed 
from the floor of the infundibulum, the remaining three (antmior, 
intermedia, and tuberalis) arise from the hypophysis. 

Characters of Triturus which show an advance over the conditions 
in Fisk, and which are typical ofTetrapoda: 

Limbs ending in digits (fingers and toes); 

Formation of arterial arches, short-circuiting the gill-capillaries; 

Interruption of dorsal aorta from internal carotid; 

Pelvic girdle composed of three elements; one dorsal and two 
ventral; 

Presence of an allantoic bladder; 

Joining of cortical and medullary tissue to form the adrenal 
bodies; 

Parathyroid glands; 

Salivary glands. 

Characters of Triturus which are specialised when compared with 
higher forms: 

Reduction of bone in the skull and girdles; ' 

Absence of membrane-bones in the pectoral girdle; 

Incompleteness of the interauricular septum ; 

Degenerate condition of the ear. 

Characters of Triturus which are typical of Amphibia: 

Heart with two auricles and single undivided ventricle; 

Skin naked, i.e. without horny scales; 

Aquatic larval stage. 
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CHAPTER VIII 


LACERTA: A CHORDATE LIVING ENTIRELY ON 

LAND 

EXTERNALS.— In general shape, Lacerta, the lizard, is not very 
dissimilar from the newt, but it differs from it in one very important 
respect, which is characteristic of all the animals (Reptiles) of the 
group to which the lizard belongs. The body is covered with scales 
formed from the epidermis, and therefore totally different from the 
true scales of fish, which are always formed from the (mesodermal) 
dermis. To mark this distinction, the scales of reptiles arc called 
corneoscutes. They cover the whole body including the limbs and 
head, and on the latter their arrangement does not correspond with 
that of the underlying bones. On the last phalanges of the fingers 
and toes, the scales form horny claws. Underlying the corneoscutes 
of the head there are ossifications of the dermis forming osteoscutes, 
which fuse with the underlying bones of the skull. 

The skin is dry and devoid of glands. The eyes have upper and 
lower eyelids, and also a so-called “third eyelid” dr nictitating mem- 
brane. ^hind the eye is a circular area sunk slightly below the level 
of the skin, and covered over like a drum by the tympanic membrane 
or car-drum. The external nostrils are on the side of the snout above 
the mouth. At the base of the tail is the cloaca, which in the male is 
provided with a pair of protrusible copulatory organs. 

SKULL. — The skull of the lizard, although well ossified, has 
several holes in it, separating the n)embrane-bones. The 
aperture is bounded by the premaxilla, nasal and maxilla. The orbit 
is limited by the prefrontal, frontal, and postfrontal above, and the 
lachrymal, jugal, and postorbital beneath. Behind the orbit is an 
aperture called a temporal fossa, in between the parietal, supra- 
tcmporal, squamosal, postorbital, and postfrontal. In Lacerta this 
fossa is covered over by the osteoscutes mentioned above. This is 
not the case in Varanus, a form related to Lacerta, and in which the 
relations of the temporal fossa may be conveniently studied. There 
is a postorbital bar formed from the postfrontal, postorbital, and 
jupl, separating the orbit from the temporal fossa; and a horizontal 
temporal bar formed by the postorbital and squamosal, for ming the 
lower border of the temporal fossa. (It should be mentioned that 
there remains an element of doubt concerning the homologies of the 
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bones here called supratemporal and squamosal. See p. 232.) 0^ the 
floor of the nasal capsules are the septomaxiUaiies, which ovalie 
Jacobson’s organs. 

The quadrate abuts against the fused opisthotic and exoccipital 
which form the paroccipital process. The quadrate also articulates 
by a loose joint with the pterygoid, and is movable relatively to the 
squamosal and brain-case (a condition known as streptostylic, see 
p. 253); i^ connexion with this arrangement the upper jaw can be 
raised relatively to the brain-case. 

The foramen magnum is bounded by the basioccipital, supra- 



Figure 48. Varanus : view of the skull from behind. 

bo, basioccipital; bp, basipteiygoid process of basisphenoid; bs, basisphenoid; 
fm, foramen magnum; p, parietal; pf, post-temporal fossa; pp, paroccipital 
process (opisthotic and exoccipital); pi, pterygoid; q, quadrate; s, supratemporal; 
so, supraoccipital. 


occipital, and exoccipital bones. In front of the basioccipital, on the 
floor of the skull, is the basisphenoid, which has a pair of basiptery- 
goid processes for articulation with the pterygoids. In front of the 
basisphenoid is the parasphenoid. 

On the palatal surface the pterygoids are long bones lying to each 
side of the middle line. Behind, they connect with the quadrate, their 
inner surfaces articulate with the basipterygoid processes of the basi- 
phenoid, and in front each pterygoid is connected with two bones: 
the transpalatinc laterally and the palatine medially. The trans- 
palatine is the representative of the ectopterygoid of Gadus, In front 
of the palatines are the prevomers. The margin of the upper jaw is 
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ina4f by the pranaxiUie and maxilis. The ascending process is 
present and ossified as the cpipterygoid, which rises as a slender 
pillar from the pterygoids. As in other animals, it separates the 
ophthalmic from the maxillary branches of the trigeminal nerve 
(see Figs. 138, 148, and 150). 

In the lower jaw, the posterior region of Meckel’s cartilage is 
ossified as the articular; in addition there are the following mem- 
brane-bones: dentary, angular, supra-angular, splcnial,^and coro- 
noid. Teeth are carried on premaxilla, maxilla, palatine, and 
dentary. 

The ventral portions of the hyoid and branchial arches form a 
**hyoid” skeleton beneath the tongue. The hyomandibula is repre- 
sented by the columella auris, a slender rod which connects the ear- 
drum or tympanic membrane with the fenestra ovalis in the side of 
the auditory capsule. This change of function of the hyomandibula 
from the condition in Scyllium and Gadus, where it supports the 
quadrate, is made possible by the autostylic method of suspension 
of the quadrate. 

It is to be noted that the skull articulates with the vertebral 
column by one median condyle, and that in the formation of the 
skull, two more segments have been incorporated than in the 
Amphibia. This accounts for the fact that the hypoglossal nerves 
emerge from the skull, instead of behind it. 

VERTEBRAL COLUMN. — In Reptiles and all higher vertebrates, 
the first two vertebrae are peculiarly modified. The first is called the 
atlas, and its anterior surface is hollow to receive the condyle of the 
skull. Its centrum has, however, been separated from it and attached 
to that of the second vertebra, forming the odontoid peg. Round 
this peg the atlas and skull are free to rotate. The second vertebra is 
called the axis. The subsequent vertebra? of the neck and thorax are 
normal, and consist of centra with neural arches and spines, and 
zygapophyses. The centra are concave anteriorly, and convex 
posteriorly, a condition described as procoelous. 

The vertebrae of the tail are peculiar in that they are split trans- 
versely, and when the lizard sheds (autotomises) its tail the break 
occurs at one of these splits. Under some of the tail-vertebrae are 
Y-shaped haimal arches, ossified as “chevron-bones”. 

Ribs are carried by all vertebrae in front of the sacrum except the 
first three; they articulate with the centra of their respective vertebrae. 
The ribs belonging to the vertebrae of the neck (cervical) are short, 
those of the anterior region of the thorax are attached ventrally to 
the sternum (five pairs). The more posterior ribs (“floating”) do not 
touch the sternum. The two sacral vertebrae bear stout transverse 
processes which are attached to the ilia of the pelvic girdle. 
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PECTORAL GIRDLE AND LIMB.— The caitilagc-bones of the 
pectoral girdle are the scapula and coracoid, both contributing to 
the glenoid cavity into which the head of the humerus fits. The 
anterior borders of these bones are characteristically indented: The 
membrane-bones consist of a pair of clavicles, and a median Y-shaped 
interclavicle. The forelimb is typical, and similar to that of Triturus 
except that it has five fingers, each ending in claws. 

PELVIC GIRDLE AND LIMB.— The acctabulum is bordered by 



Figure 49. Lacerta: pectoral- Figure 50. Lcrer/n: sacrum, pelvic- 
girdle and forelimb, seen girdle and hind limb, seen from 
fiom the left side. the left side. 

Cy coracoid; ca, carpals; c/, clavicle; /, femur; /r, fibula; A, humerus; ic, 
Interclavicle; //, ilium; ip, ischio-pubic foramen; 15 , ischium; me, metacarpal; 
mtSy metatarsal (note hook-like shape of that of fifth digit); p, phalanges; pUy 
pubis; r, radius; 5, sternum; sCy scapula; 51 ^, sacral vertebras; /, tibia; /a, tarsus; 
ipy transverse processes of saci^ vertebrae; u, ulna. 

ilium, ischium, and pubis. The ilium points backwards towards its 
articulation with the sacral vertebrae. Both the ischium and the pubis 
meet their fellow-bones of the opposite side in the middle line, 
forming symphyses. On each side, the pubis and ischium are 
separated by the ischio-pubic foramen. 

The hind limb is similar to that of TrituruSy but the tarsal bones 
undergo a modification. The proximal bones are fused into one which 
is attached to the tibia aiid fibula; the distal bones are reduced to 
two, which become attached to the metatarsals. The result is that the 
ankle can only bend in one place, at the so-called mesotarsal joint. 
4 * 
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The 5th metatarsal is worthy of notice on account of its peculiar 
hook-shaped appearance. 

ALIMENTARY SYSTEM. — ^The tonguc is long, bifid at the tip, and 
protrusible. It is supported by the *‘hyoid” skeleton. On the roof of 
the mouth the palatal folds appear, extending inwards from the sides. 
At the back of the mouth-cavity, the Eustachian tubes open. These 
rq}resent the cavity of the spiracle of the dogfish, and each is closed 
laterally by the ear-drum or tympanic membrane. These cavities are 



Figure 5 1 . Laceria : \ entral view of the pectoral girdle and sternum. 

r» coracoid: c/, clavicle; A, humerus; ic, intcrclavicle; r, ribs; 5, sternum; 

sc, scapula. 


also called tympanic cavity, and “middle-ear”, and will be referred 
to again in connexion with that sense-organ. The mouth is provided 
with salivary glands, which assist digestion. 

The glottis leads to the larynx and lungs. The remaining viscera do 
not differ suflBciently in detail from those of Triton to necessitate a 
specific redescription. 

RESPIRATORY SYSTEM. — The luDgs arc sacs with very vascular 
walls, and they are the only respiratory organs, for the skin no longer 
functions as such. Another change from the amphibian condition is 
shown by the method of breathing. Instead of raising and lowering 
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the floor of the mouth* the ribs are pulled forwards by i^uscles which 
run obliquely from rib to rib. At rest, the ribs slope backwards, and 
when pulled forwards the effect is to increase the volume of the 
thoracic cavity and of the lungs. Air then rushes in. 

VASCULAR SYSTEM. — ^The heart consists of sinus vcnosus, two 
auricles and a single ventricle. The truncus arteriosus has been split 
into three right down to its base, so that the ventricle opens directly 
into three arteries. The more ventral of the three opens into the right 
side of the ventricle, and leads to the lungs, dividing as it goes into 
two pulmonary arteries. These no longer connect with the lateral 
dorsd aorta or systemic arches. The pulmonary circulation is there- 
fore distinct. The other two vessels are the right and left systemic 
arches (corresponding to the systemic arches of the newt and the 4th 
arterial arches of fish). The right systemic arch springs from the left 
side of the ventricle, and the left arch from the right side of the 
ventricle. These vessels run up the 4th visceral arch and join dorsal 
to the gut to form the dorsal aorta. Now. the left side of the ventricle 
is occupied mostly by arterial (oxygenated) blood from the left 
auricle and pulmonary veins; consequently the right systemic arch 
receives pure blood, more or less. But the left arch and the pulmonary 
vessel are on the right side of the ventricle, which contains venous 
blood from the right auricle, sinus venosus, and the veins of the body. 
In addition, there is an incomplete septum dividing the ventricle, so 
that while the pulmonary artery receives venous blood as would be 
expected, the left systemic arch receives mixed blood. The carotid 
arches spring from the base of the right systemic arch and therefore 
receive pure blood, as indeed they need, for they supply the brain. 
The carotid arches run dorsally in the 3rd visceral arch and when 
dorsal to the gut run forwards into the head as the internal carotid 
arteries. In addition, however, the carotid arteries connect back with 
the systemic arches by what are really remnants of the lateral dorsal 
aorta. These connexions are known as the ductus caroticus. 

The arteries given off to the viscera are on the whole similar to 
those of Triturus, 

The venous system is likewise similar to that of Triturus, but it is 
necessary to mention three new points. In correlation with the lack 
of respiratory function on the part of the skin, the cutaneous vein is 
not found. The posterior cardinal veins are likewise much reduced ; 
that on the left disappears altogether, that on the right is now known 
as the azygos vein. Lastly, the renal portal system is jess well 
developed, and this is associated with the fact that the functional 
kidney in the adult is a new structure, the metanephros. 

URINO-GENITAL SYSTEM.— The kidneys are paired structures 
lying in the roof of the posterior part of the coelomic cavity, which 
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connect with the base of the allantoic bladder (where the latter opens 
into the cloaca) by means of ducts called ureters. These kidneys are 
not the same as the mesonephric kidneys of the animals previously 
described; they are metanephric kidneys, and serve excretory 
functions only, never connecting with the genital organs. Otherwise, 
they are similar in structure to the mesonephros, and consist of 
Malpighian corpuscles with glomeruli and tubules. The metanephros 
devdops later than the mesonephros, and out of the way of the 
posterior cardinal veins. The mesonephros is present in early stages 
of development, but does not function as an excretory organ in the 
adult. As the renal portal system is associated with the mesonephros, 
the disappearance of the one is correlated with the reduction of the 
other. 

In the female, the mesonephros disappears in the adult, together 
with the WolflSan duct. The Mullerian duct persists as the oviduct 
and serves to convey the eggs (which drop from the ovary into the 
coelom) to the exterior via the cloaca. Glands in the oviduct secrete 
a shell round the egg, for it is laid on dry land, and not in water. The 
embryo develops within a membrane, the amnion, for which reason 
reptiles, birds, and mammals are called Amniota. In the male, the 
Mullerian duct is absent, but the mesonephros and Wolffian duct 
persist, serving only to evacuate the sperms. The testis is connected 
with the mesonephros by vasa efferentia in the ordinary manner, and 
the tubules of the mesonephros, through which the sperms pass, 
form the epididymis. The epididymis is really very long, and when 
unravelled it forms a tube which in man is over twenty feet long. 
During their passage through it, the sperms are act^ on by a 
secretion, as a result of which they complete their development and 
acquire the power of individual movement. The Wolffian duct is the 
vas deferens leading to the cloaca. As already mentioned, the wall 
of the cloaca bears two eversible copulatory organs, for since the egg 
is surrounded by a shell when it leaves the oviduct, it is obvious that 
fertilisation must take place in the oviduct itself. 

NERVOUS SYSTEM. — ^The brain is built on the same plan as that of 
Triturus^ but it shows an advance in the increased size of the cerebral 
hemispheres. In these there is a small amount of superficial grey 
matter or cortex; in lower forms the grey matter is almost entirely 
within the white. This is a very important advance from the point of 
view of the evolution of the human brain. The sides of the telecephalon 
(corpus striatum) and of the diencephalon (thalamus) are enlarged, 
and the cavities of the 1st, 2nd, and 3rd ventricles are consequently 
reduced. There is a well-developed pineal eye, arising from the 
dicncephalon, and connected with the right habenular ganglion. The 
cranial nerves are similar to those of Triturus except for the fact that 
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L igiirc 53, Method of formation of the kidneys in amniotes. 

A» larval condition, with Mullerian duct (A/J), Wolffian duct {Wd)^ meso- 
nephric funnels (wir) opening into the wsplanchnocal (sc); /, intestine. The ureter 
(ii) arises from the base of the Wolffian duct and divides into a number of tubes 
which eventually connect with the mclanephnc capsules (me). B, condition in 
the adult male. The MUllerian duct has disappeared and the Wolffian duct 
persists as the vas deferens (vJ), receiving the sperms from the testis (/) by means 
of the vasa efferent ia (ir). The ureter drains the urine from the metanephros (m) 
to the bladder (/>), C, condition in the adult female. The Mullerian duct persists 
as the oviduct ipd), the opening of which into the splanchnocoel is the Fmlopian 
tube (PV); o, ovary. The Wolffian duct has disappeared. 
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the hypoglossus (12th nerve) is included among them, and that there 
is a ^inal accessory n^e (1 1th nerve). The spinal accessory supplies 
the dorsal muscles of the shoulder girdle, and represents aepecialised 
portion of the vagus of lower forms. 

SENSE-ORGANS. — ^Thc lateral line sense-organs are no longer 
present, and the sole representative of the system to which they 
belong is the ear. In addition to being an organ of balance, the ear is 
also stimulated by vibrations in air, or sound. (This is also the case 
in Amphibia such as the frog, but not so typically in Triturus in which 
the ear is degenerate (see p. 84).) The vibrations impinge on the ear- 
drum (tympanic membrane) and are communicated to the columella 
auris (hyomandibula); the latter conveys the vibrations across the 
cavity of the middle-ear or tympanic cavity (spiracular visceral cleft) 
to the fenestra ovalis in the wall of the auditory capsule. The auditory 
ciymile contains the auditory vesicle; between the latter and the wall 
of the capsule is a fluid called perilymph, while the auditory vesicle 
itself contains endolymph. The vibrations brought by the columella 
auris are imparted through the fenestra ovalis to the perilymph, 
which in turn passes them on through the wall of the auditory vesicle 
to the endolymph. Here the vibrations stimulate the special sensory 
cells. The wall of the auditory capsule has a second opening (the 
fenestra rotunda), situated ventrally to the fenestra ovalis. The 
fenestra rotunda is covered by a membrane separating the perilymph 
from the tympanic cavity, and its function is to damp down and 
deaden the vibrations in the perilymph when they reach it. Wifh 
regard to the auditory vesicle itself, the utricle has the usual three 
semicircular canals, and the saccule, which is better developed than 
in lower forms in connexion with the perfecting of the sense of 
hearing, has a ductus cochlearis. 

The retina of the eye contains mostly cones with very few rods. 
The lens changes its degree of convexity, and thereby its focal length, 
as a result of the contraction of the circular iris-muscle. The sclerotic 
is strengthened by bony plates. Mention has already been made of 
the three eyelids. The lining of the lids is in places modified into 
glands. At the inner side of the eye is the Harderian gland which 
lubricates the “third eyelid” (nictitating membrane); at the outer 
angle is the lachrymal gland. The transparent nictitating membrane, 
which is really a fold of the conjunctiva, is activated by a muscle 
derived from the retractor bulbi, and like it innervated by a branch 
of the abducens. The lower lid is depressed by a special muscle. 

The pineal eye, already seen in Petromyzon, is remarkably de- 
veloped. Its stalk rises up from the roof of the diencephalon and 
swells out into a vesicle of which the lower portion forms the sensory 
layer, and the upper forms the lens. This eye lies below the foramen 
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between the parietals; it is, however, covered over by connective 
tissue and a corneoscute. 

The cavity of the nose is enlarged, and a shelf projects inwards 
from the side wall, increasing the surface of the nasal epithelium and 
forming a so-called concha. Ventral to the nasal cavities are a pair 
of pockets, originally formed from the nasal cavities, and lying just 
above the prevomers. Each opens into the mouth cavity a little way 
in front of the choana, or internal nostrils. These structures are 
known as Jacobson’s organ, and they probably serve to smell food 
in the mouth. 

COELOM. — ^The splanchnoccel is represented by the pericardium 
and perivisceral coelomic cavities. The lungs project backwards into 
the latter on each side of the stomach, supported by the pulmonary 
folds of the coelomic epithelium (accessory mesenteries). These folds 
also connect ventrally with the liver, by the pulmo-hepatic ligaments. 
The gut is of course suspended from the roof of the coelomic cavity 
by the dorsal mesentery, and connected with the liver ventrally by 
the so-called lesser omentum,* also a fold of epithelium. The 
mesentery ventral to the liver mostly disappears, but persists anter- 
iorly as the falciform ligament. In this manner the coelomic cavity 
becomes divided up into a number of intercommunicating spaces. 
On each side of the gut and mesentery, and median to the pulmonary 
folds and pulmo-hcpatic ligaments, is a pulmo-hepatic recess which 
ends blindly in front, and opens posteriorly into the main cavity. 
Qwing to the kinking of the stomach to the left, the first portion of 
the intestine (duodenum) recurves to the right, and the right pulmo- 
hcpatic recess forms part of a pocket, the omental cavity. This cavity 
communicates with the main coelom on the right side by an opening, 
the upper and front borders of which are formed by the right pul- 
monary fold and pulmo-hcpatic ligament; the lower and hind 
borders are formed by the lesser omentum running from the duode- 
num to the liver, and by the mesentery supporting the duodenum. 
The opening is the foramen of Winslow', and its relations are im- 
portant with regard to the inferior vena cava which runs down its 
upper and anterior border, and the hepatic portal vein, the hepatic 
artery, and the bile-duct which run along its lower border (see Fias. 
52 and 125). 

Characters of Lacerta^ lacking in lower forms, and common to 
Amniota: 

Embryos develop on land within an amnion and a shell; 

♦ The lesser omentum is equivalent to the gastro-hepatic ligament and the 
duodcno-hcpatic ligament: portions of mesentery connecting the liver with the 
stomach and the duodenum respectively. 
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Metanephros and ureter; 

Spinal accessory and hypoglossal nerves emerge from the skull; 
Superficial gr^ matter (cortex) in the cerebral hemispheres; 
Breathing effected with the help of the ribs; 

Jacobson’s organ; 

Development of saccule, tympanic cavity (spiracular pouch), and 
conversion of the hyomandibula into the columella auris 
(already present in the frog, though feebly developed in 
Triturus); 

Atlas and axis vertebrae differentiated; 

Copulatory organs developed; 

Ischio-pubic foramen present. 

Characters of Lacerta which are typical of Reptiles: 

Skin covered with horny scales; 

Ventricle of the heart incompletely divided (except in Crocodiles). 
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CHAPTER IX 


COLUMBA: A CHORDATE WITH WINGS 

EXTERNALS.-— The birds are principally distinguished by the 
possession of feathers, and the modification of the fore limte into 
wings. The hind limbs continue to serve for terrestrial locomotion, 
but it is important to note that although the birds have evolved the 
habit of standing on two legs only, the body is still carried in a 
horizontal position. The mouth is toothless but bordered by a homy 
beak, the external nostrils are on each side of the upper beak, a little 
way behind the tip. The eyes have upper and lower lids, and also a 
“third eyelid”, or nictitating membrane. The ear-dmm is no longer 
flush with the surface of the skin, but sunk at the bottom of a tube, 
which is the external auditory meatus. The alimentary and urino- 
genital systems open at the cloaca. The tail is very much shortened, 
and on its dorsal side is the uropygial gland. This gland, which is the 
only one to be found in the skin of birds, produces a secretion with 
which the bird preens its feathers, and makes them waterproof. 
There arc scales on the legs, and claws at the ends of the toes (in 
a very few cases also on the fingers), but no dermal ossifications of 
any kind are present. 

FEATHERS.— The fcathcrs are arranged on the surface of the 
body in definite tracts, called pteryla. Feathers are formed by the 
epidermis (see p. 190), and are of different kinds in the various 
regions of the body. Those visible on the outer surface of the bird are 
called penns, which include the quill or flight-feathers and the 
contour feathers of the adult bird. Their typical structure may now 
be described. 

A penna consists of a stalk (quill or rachis) carrying a vane. The 
vane is made up of a large number of barbs on each side of the 
central stalk or rachis, and each barb carries a number of barbules 
on either side. The barbules bear hooks and notches, by means of 
which the barbules of one barb arc attached to the barbules of 
adjacent barbs. In this way a stiff, air-resisting plane is formed, 
which is especially well developed in the flight-feathers. The flight- 
feathers on the wings are called remiges, those on the tail rectrices. 
The remiges which are carried on the “forearm” (radius and ulna ) 
are the “secondaries”, those on the “hand” (carpals, metacaipals, 
and phalanges) are called the “primaries”. Contour feathers cover 
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Figure 54. View of a portion of a feather to show the structure and relations 
of the barbs and barbules. 

Two adjacent barbs (b) are represented cut off from the stalk. The barbs bear 
distal barbules (db) on the side away from the base of the feather, and proximal 
barbules (pb) on the opposite side. The hooks or hamuli (h) on the distal barbules 
of one barb are attach^ to the groove on the edge of the proximal barbules of 
the adjacent (distal) barb. 
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the bodfr and give it a smooth surface which presents little resistance 
to the air during flight. They are smaller than flight-feathers, and the 
hooks or hamuli on the barbules are not so well developed- Contour 
feathers usually possess an aftershaft, which is like a duplicate vane 
arising from the base of the rachis. As a rule it is small, but in the 
cassowary the aftershaft may be as long as the main shaft. The base 
of the quill beneath the vane is a hollow cylinder, opening below by 
the inferior umbilicus, and above at the base of the vane by the 
superior umbilicus. The superior umbilicus is between the main shaft 
and the aflcrshaft, which relations become obvious from a study of 
the development of the feather (see p. 193). 

In addition to the pennje there are in most birds down feathers or 
plumulse. In these the barbules and hamuli are very degenerate so 
that there is no stiff vane at all. The down feathers form a dense layer 
which prevents the movement of the air in it, and therefore functions 
as a non-conductor of heat. This is important because birds are 
warm-blooded, and without this protection they would lose their 
heat rapidly by radiation from the skin to the surrounding air. 

Some feathers consist only of a slender stalk with scarcely any 
barbs; they resemble hairs and arc known as lilo-plumes. 

The kinds of feathers described above are characteristic of adult 
birds, and may collectively be called teleoptiles. In the young birds 
they are preceded by nestling-feathers, or neossoptiles. Filoplumes, 
plumulic, and penna* are preceded by prefiloplumes, preplumulae 
and prepennjc, respectively. 

Feathers arc usually coloured, and since they are dead structures, 
their colours arc due cither to pigment which they contain, or to the 
optical properties of their texture. Feathers are moulted and replaced 
periodically, which in many birds enables plumages of different 
type and colour to succeed one another. Flight-feathers are usually 
moulted in pairs, symmetrically right and left, as a result of which 
the bird is still able to fly during ilie moulting period. 

SKULL. —The skull of the pigeon, as of birds generally, is strongly 
ossified, so much so that the bones tend to fuse together and the 
sutures between them to disappear. The brain-case is much enlarged 
compared with lower animals. Covering the roof arei nasals, pre- 
frontals, fronlals, parietals, and squamosals (membrane-bones). The 
cartilage- bones ot the ncurocranium are: basioccipital, supraoccipital, 
exoceipitals, basisphenoid, latcrosphcnoids, orbitosphenoids, and 
ethmoid. The brain-case docs not extend forward between the eyes, 
which arc only separated by an intcrorbital septum. The bones of the 
auditory capsule fuse and form the periotic. 

The parasphenoid of lower forms is represented by the median 
rostral, and the paired basi temporals, which latter are attached to 
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the underside of the basisphenoid. There is a single ^ipital 
condyle. 

It is worth noticing that the squamosal now forms part of the 
wall of the brain-case; the latter is so much enlarged that the carti- 
lage-bones are insufficient to enclose it (see Fig. 140). 

The quadrate articulates with the periotic by an otic process. 
Stretching forwards from the quadrates are two strings of bones on 
each side. On the outer side are the quadrato-jugal, jugal, maxilla, 
and fused premaxillae, all membrane-bones forming the margin of 
the upper jaw. Median to these, the pterygoids run forwards from 
the quadrates, and articulate with the basipterygoid processes of the 
basisphenoid, and with the palatines, which run forwards to the 
maxillae. Median to them are the small prevomers, fused together in 
the middle line. 

In the lower jaw, Meckel’s cartilage is represented by the articular, 
and the angular, supra-angular, splenial, and dentary are membrane- 
bones. 

The hyoid skeleton is represented dorsally by the columella auris, 
connecting the ear-drum with the fenestra ovalis of the auditory 
capsule, passing behind the quadrate. Ventrally, the “hyoid” con- 
sists of basihyal, ceratohyal, basibranchial, and ceratobranchial of 
the 1st branchial arch. 

There are no teeth in the pigeon nor in any living bird. 

VERTEBRAL COLUMN. — The first two vertebrae are the atlas and 
axis. They are followed by twelve others, forming the cervical region 
of the vertebral column. The articulation of the centra with one 
another is of a peculiar saddle-like pattern called heteroccelous, and 
giving the neck great flexibility. The vertebraj have neural arches, 
zygapophyses, extra articular facets called hypapophyses, and trans- 
verse processes. The ribs articulate with the vertebrae by two heads; 
a dorsal tuberculum (fitting on to the transverse process) and a 
ventral capitulum (touching the centrum). None of the ribs of the 
cervical vertebrae reach the sternum, and the first ten, carried by 
vertebrae 3 to 12, are actually fused with their respective vertebrae. In 
this manner, each of these vertebrae has a little vertebrarterial canal 
on each side. Cervical ribs of vertebrae 13 and 14 are free. 

There are five thoracic vertebrae, of which the first four are fused 
together, and the last is fused on to the next posterior vertebra (1st 
lumbar). The thoracic ribs are jointed and are attached ventrally to 
the sternum. All the free ribs except the last bear processes (uncinate) 
which overlap the next posterior rib, and help to give strength to the 
thoracic box. 

The lumbar vertebrae are six in number, and they are fused in 
front with the last thoracic, and behind with the two sacral vertebrae. 
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and first five caudals. In this way an extensive sacrum is formed^ 
to which the ilia of the pelvic girdle are attached, strong enough to 
stand the leverage on the ilia due to the horizontal position of the 
bird^s body with the legs at the hind end. 

After this come six free caudal vertebras, and then four more all 
fused up together to make the pygostyle. 

PECTORAL GIRDLE AND LIMB.— The shouldcF girdle is formed 
of scapula and coracoid (cartilage-bones), and a clavicle (membrane- 
bone) which meets its fellow from the other side in the middle line 
to form the furcula, or “merrythought”. The scapula extends back- 
wards over the ribs; the coracoid is attached to the sternum. Where 
the scapula, coracoid, and clavicle meet, they enclose a foramen 
triosseum between them, which acts as a pulley through which the 
tendon of the minor pectoral muscle passes, to be inserted on the 
humerus and so raise the wing. 

The sternum is remarkable for its relatively enormous median 
keel or carina. On each side of it the pectoral muscles are inserted. 
Of these, the minor pectoral muscles have been mentioned above; 
the major pectoral muscles pull the wing down and in so doing lift 
the bird in the air. The difference between “red meat” and “white 
meat” can be well shown in the pectoral muscles of different birds. 
Muscles which perform long-continued actions are rich in sarco- 
plasm and hicmoglobin, and are therefore red. Other muscles, the 
action of which is not continuous, are poor in sarcoplasm, and their 
fibres are therefore white in colour. The falcon is a bird which spends 
long periods on the wing, during which its pectoral muscles are in 
continuous activity. It is not surprising to find therefore that these 
muscles are “red meat”. On the other hand, the domestic fowl does 
not use its pectoral muscles continuously, and they are white. 

The skeleton of the wing consists of humerus, radius, and ulna. 
The wrist and hand are somewhat modified; there arc two free 
proximal carpal bones, the radiale and ulnare; but the distal carpals 
have fused with the three fused metacarpals to form a carpo-meta- 
carpus. The first digit is represented by a phalanx bearing feathers 
which form the “bastard wing”. The remaining two digits have two 
and one phalanges respectively, and they, together with the carpo- 
metacarpus, bear the primary remiges. 

PELVIC GIRDLE AND LIMB.— The pelvic girdle is at first sight 
different from that of any animal so far described. The acetabulum 
is perforated, and is formed from the usual three bones, ilium, 
ischium, and pubis. The ilium extends forwards and backwards and is 
attached to the long sacrum. The ischium is fused along the greater 
part of its length with the posterior part of the ilium, leaving an ilio- 
sciatic foramen through which the sciatic artery and nerve run to 
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the hind limb. The pubis is remarkable in that it points backwards 
and runs along the ventral border of the ischium,. from which it is 
separated by the obturator fissure (corresponding to the ischio-pubic 



foramen, and serving for the passage of the obturator nerve). 
Ndther the pubis nor the ischium extend to the middle line; they 
conseque n tly do not meet their fellows of the opposite side, and 
have no symphyses. The absence of symphyses may be correlated 
with the fact that birds lay relatively very large hard-shelled eggs. 
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The femur is short and thick; covering the front side of its lower 
extremity is the patella. The tibia is fused with the fibula and with 
the proximal tarsal bones to form the tibio-tarsus. The distal tarsals 
are fused on to the united metatarsals of the 2nd, 3rd, and 4th toes to 
form the tarso-metatarsus. The 1st metatarsal is small and free; the 
digital formula of the phalanges is 2, 3, 4, 5, 0 (there being no 5th 
toe). The terminal phalanges bear claws. The first toe is in birds 
usually directed backwards, and it is opposable to the other digits. 
This arrangement enables a bird to stand securely on a narrow twig 
of a tree, with the first toe clasped round behind the twig and the 
remainder in front of it. The joints of the toes are bent by tendons 
which run back beneath the foot and up behind the tarso-metatarsus. 
The more the tarsal joint is bent (in squatting), the tighter these 
tendons arc stretched, and the more strongly are the toes bent. The 
bird can therefore ensure a tight grip on its perch without effort, 
and even when asleep, simply by squatting. 

It is obvious that the hind limb can bend only at the knee and 
between what were the proximal and distal rows of tarsals: this 
extreme form of the meso-tarsal joint is the rule in birds. 

It is to be noted that the bones of the bird’s skeleton are very light, 
and that most of them are hollow; some of these spaces communicate 
with the air-sacs which will be described in connexion with the 
respiratory system. 

ALIMENTARY SYSTEM. — Thc tongue is small and pointed, and 
behind it the two Eustachian tubes open into the mouth by a single 
common aperture. Thc glottis in the floor of the gullet leads to the 
lungs. The gullet swells out into the crop at the base of the neck. 
This is a thin-wallcd sac in which the food is temporarily stored. 
Thc stomach is modified in that the glands are restricted to an 
anterior chamber, thc proventriculus. Following on this is the 
gizzard, which has thick hard walls, and in which the food is crushed 
up with the help of stones and grit. The duodenum leads out from 
the gizzard, and rcceix es thc three ducts from the pancreas, and the 
two bile-ducts from the liver, which does not possess a special gall- 
bladder. Thc intestine is coiled, and leads to thc rectum, which bears 
a pair of caeca. Thc rectum leads to the cloaca which is peculiar in 
that it is subdivided into three regions. That into which the rectum 
opens is called the coprod*Tum; next comes the urodseum, into which 
the ureter and genital ducts lead; and lastly the proctodseum which 
opens to thc exterior. Into thc proctodaeum opens the bursa Fabricii, 
a blind sac-like organ of unknown significance. 

CCELOM. — A knowledge of the relations of the coelom is necessary 
for a proper understanding of several of the organs in birds. As in 
the lizard, the lungs are contained in folds of the coelomic q>ithelium 
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which conoec^ with Uvw’ piilmo^iteimtic ligame&ts, 

but in addition, these ligaments mhite a cpunexidii widti the side wall 
of tha seoerdl calomic cavity. In so doibgt they slant downwaxds 
and laterally from the roof of the coelomic cavity, andare icaOed the 
dbliqiie sqpta. They separate a portion of the cmlomic cavity on 
thdt upper and outer sides from the remainder of the ^iterivisceral 
coelomic cavity, forming the pleural cavities. Into these cavities the 
lungs project. The gizzard is connected with the floor of the coelomic 
cavity by a post-hepatic septum, so that altogether the cavity of the 
coelom is considerably obstruct^ and divided up. The pericardium 
is, of course, separate off from the rest of the coelom by the trans- 
verse septum, but it is important to notice that in birds there is no 
diaphragm (see Fig. 126). 

RESPIRATORY SYSTEM.— The glottis leads into a long trachea 
or windpipe, strengthened by cartilaginous and bony rings. This 
trachea divides into the two bronchi, and at the point of division a 
membrane extends forwards and projects into the trachea from the 
angle between the bronchi, forming the syrinx, by the vibrations of 
which birds sing. The bronchi lead to the lungs which are closely 
pressed up against the ribs. The cavity of the lungs is repeatedly sub- 
divid&l, giving them the appearance of being filled with a very 
vascular and spongy material. They are no longer simple hollow sacs 
with large undivided cavities as in the lower forms. The lungs of the 
bird are peculiar in that they give off a number of pouches or air- 
sacs, which extend into many parts of the body. There are nine of 
these air-sacs, arranged in the following manner: a pair of cervical 
sacs at the base of the neck on each side; an interclavicular sac in 
the region of the furcula; two pairs of thoracic sacs, and a pair of 
abdominal sacs. The bronchi lead through the lungs, into which 
they give off a few air-passages, to the air-sacs. The walls of the air- 
sacs are not vascular and no respiratory exchange takes place in 
them; they act as reservoirs, and when the body cavity is compressed 
by raising the sternum, the air in them is forced into the lungs and out 
again. The efficiency of the respiratory system of the bird is due to 
the fact that there are no blind ends, and the air in the spaces of the 
lungs is completely refreshed at each expiration. It is worth noticing 
that the temperature of the body of birds is remarkabl/high (about 
42® C.), and this is connected with the efficiency of the respiratory 
exchange. Expiration is the active process, by dropping the sternum 
the air-sacs expand and fill again. It may be remembered that several 
of the bones are hollow, and diverticula of the air-sacs extend into 
them, as for example those of the interclavicular sac into the 
faum^s. 

VASCULAR SYSTEM. — The heart of the bird is not unlike that 
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of the lizard, but the ventricle is completely , divided into two by an 
inletventiicula^ septum. The pulmonary arch is present in the Wrd 



Figure 58. Coiumba : vcntial view of a dissection to show the air-sacs. 

a, aMominal air-sac; anterior thoracic air-sac; c, cervical air-sacs; co, 
coracoid; die, diverticuluin of the intcrclavicular air-sac; /, furcula; A, humerus 
(which contains a diverticulum from /c), i, intestine; ic, interclavicular air-sac; 
PU posterior thoracic air-sac; r, rib; j, sternum; tr, trachea. 

just as it is in tlie lizard, and it leads from the right ventricle to the 
lungs* The right aortic (or systemic) arch is also present, arising from 
the left ventricle. The left arch, which in the reptile arises from the 
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rigiit side of the venli»de tiepd mostly Venous Uood, has 
disai^^ed completely in the All the venous blood returns to 
the heart from the superior and inferior venie cavse direct into the 
ri^ auricle, there being no sinus venosus. All this blood passes into 
the right ventricle and to the lungs, from which the arterial blood 
returns to the left auricle. The systemic arch therefore receives 
nothing but pure arterial blood from the left ventricle, into which it 
has passed from the left auricle. There arc therefore two completely 
sq)arate circulations in the heart, and this is rendered possible by 
the fact that the heart is four-chambered, both auricle and ventricle 
being completely divided longitudinally. The right auriculo-ventri- 
cular valve is a muscular band; the left is formed of membranous 
flaps. 

The right systemic arch gives off a pair of arteries which run 
forwards for a short distance, known as the innominate arteries. 
Each divides into two, forming the carotid arteries and the sub- 
clavians. The carotids run forwards to the head; the subclavians 
supply the pectoral muscles and the wings. The systemic arch runs 
up on the right side of the gut and reaches a position dorsal to it 
where it is known as the dorsal aorta. It gives off coeliac and mesen- 
teric arteries to the alimentary canal, and sciatic arteries to the legs, 
and then divides to form the iliac arteries and the caudal artery which 
supply the hinder regions of the body. 

The superior venae cavae receive the jugular veins, and these arc 
peculiar and interesting in that the right and left veins are connected 
by a cross-channel at the top of the neck. In the twisting of the long 
and flexible neck, it may happen that the vein on one side is squeezed, 
and the flow of blood in it interrupted. This blood can, however, 
return to the heart by passing across the connexion just described, 
and down the jugular vein of the other side. The superior venae cava 
also each receive a subclavian vein made up of a brachial vein from 
the wing and a pectoral vein from the pectoral muscles. 

The inferior vena cava receives the hepatic veins, and is formed 
by the junction of a pair of iliac veins. These receive the femoral 
veins from the legs and the renal veins from the kidneys. The blood 
in the hinder regions of the body is led forwards in a caudal vein, 
which soon divides into three. Two of these vessels represent the 
renal portal veins of the lower vertebrates, but in the adult bird these 
veins connect direct with the iliac veins and vena cava inferior, with- 
out breaking down into capillaries in the kidneys at all. There is 
therefore no renal portal circulation. The third vessel into which 
blood may flow from the caudal vein is the coccygeo-mescnteric 
vein, which runs downwards and forwards in the mesentery support- 
ing the intestine, and joins the (hepatic) portal vein. The latter runs 




Figure 59. Columbu: ventral \'icw of a dissection of the vascular sysUS0i; 
after a drawing by Mr. B. W. Tucker. 

aorta; ba, brachial iirtcry; b\\ brachial vein; c, carotid artery; cv, caudal 
vein; cmv, coocygco-mcsenteric vein; da, dorsal aorta; ev, epigastric vein; fa^ 
femoral artery; /v, femoral vein; h, heart; /iv, hepatic vein; ia, iliac artery; 
/, jugular vein; k, kidney; I, liver; //, left innominate artery; Ipa, left pulmmmiy 
artery; Ives, left vena cava superior; po, pectoral artery; pt, posterior mesen^tie 
artciyjpv, pectoral vein; rpa, right pulmonary artery; rv, renal vein; m, sciatic 
tuteiy; r» testis; vci» vena cava inferior. 



from the intestine and duodenum to the liver, at in all vertebrates. 
There is one more vessel worthy of mention, and that is the epigastric 
vein wluch runs forwards from the mesentery, passes, ventral to the 
Uver, and joins the hepatic vein. This epigastric vein represents the 
anterior region of the anterior abdominal vein of lower forms: the 
hinder part of this vein is represented in the bird by the coccygeo- 
mesenteric vein. 

The chief difference, therefore, between the venous systems of the 
.1^ and the lizard is the direct connexion of the *‘renal porta.1 
vmns” with the inferior vena cava in the former. It njay also be noted , 
how the great development of the pectoral muscles has brought about 
a modification of the vascular system, in the form of the well- 
developed pectoral arteries and veins. These muscles, on which the 
flight of the bird depends, are the most active in the body. 

URINO-GENITAL SYSTEMS. — The kidneys are metanephric, not 
mesonephric. The kidneys lie in the roof of the coelomic cavity, 
and each is divided into three lobes. Each kidney is connect^ 
by a ureter with the urodaeal division of the cloaca. There is no 
urinary bladder. 

In the male, the testes are connected with the cloaca (urodaeum) 
by the vasa deferentia, or Wolffian ducts. In the female, the right 
ovary and right oviduct as a rule disappear; there is then only one 
ovary (the left) and one oviduct (also the left) or Mullerian duct 
in the adult bird. The reason for the suppression of one ovary and 
duct is presumably that if two eggs were to be laid simultaneously 
(one by each oviduct), their combined size would block the 
passage between the two sides of the pelvic girdle. The Wolffian 
ducts are not present in the female, and the male has no Mullerian 
ducts. 

NERVOUS SYSTEM. — In the brain, the cerebral hemispheres are 
well developed, and considerably larger than in the lower forms. 
This increase in size is due to the enlargement of the corpus striatum, 
and not to the development of the cortex or superficial layer of grey 
matter forming the roof of the hemispheres. The cortex of the brain 
in birds is thin, and markedly different in this respect from that of 
the mammals. The cerebellum is also well developed as is the rule 
among animals which rely on a sense of balance, and its surface is 
thrown into ridges. The median portion of the cerebellum is known 
as the vermis, on each side of which is a conical projection known 
as the flocculus. The front of the cerebellum is in contact with the 
hinder surface of the cerebral hemispheres, and the optic lobes which 
form the roof of the mid brain are thrown to the side. 

As in the reptiles, there are twelve pairs of cranial nerves, the 
^inal accessory and hypoglossal being included in the skull. The 
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wiog is supplied by the brachial plexus, composed of nerves from 
the hind part of the neck and the front of the thorax. The leg is 
supplied by a femoral nerve, and a sciatic plexus and nerve, which 
runs through the ilio*sciatic fissure in the pelvic girdle. The obturator 
nerve which pierces the obturator foramen innervates the region of 
the acetabulum. 

sense-organs. — With regard to the sense-organs, there is not 
much advance over the conditions in the reptiles. The eye is elongated 
from cornea to optic nerve, instead of being spherical. Projecting 
into the posterior chamber of the eye, which is occupied by the 
vitreous humour (see p. 19), is an upstanding vascular structure. 
This structure, known as the pecten, arises from the spot (“blind 
spot”) where the optic nerve and artery enter the eye; it recalls the 
columella Halleri which is found with similar relations in the eye of 
Tcleost fish. The function of the pecten is still dubious, but its 
vascularity suggests that it is concerned with supplying oxygen to 
the vitreous humour and the posterior chamber generally. 

Accommodation in the eye of the bird is peculiar. The junction 
between the cornea and sclerotic is covered on the inside by a 
muscle which is striated (Crampton’s muscle). Contraction of this 
muscle results in an increase of the convexity of the outer surface of 
the eye: cornea and conjunctiva, which accommodates the eye for 
near vision. The convexity of the lens is also increased by contraction 
of the circular muscle of the iris. At the same time, the contraction 
of the ciliary muscle pulls the hinder part of the eye forwards, and 
this reduces the tension on the suspensory ligaments which are 
attached to the lens. 

In the ear, the cochlear part of the saccule is better developed than 
in reptiles, and is beginning to show the spiral winding. 

With the exception of the warm-bloodedness, and the complete 
subdivision of the ventricle of the heart, the characters which birds 
show, and which arc not yet developed in the reptiles, are specialisa- 
tions which do not appear in the mammals. Birds represent a further 
development of reptiles in one direction, while the mammals evolved 
in another direction from another group of primitive reptiles. 

Characters of Colwuha which show an advance on the conditions 
in lower forms (imd which are at the same time specialisations not 
found in mammals) * 

Feathers; 

Modification of the pectoral limbs into wings; 

Loss of teeth ; 

Formation of air-sacs (foreshadowed in the Chameleon); 

Formation of oblique and post-hepatic septa; 
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Loss of right ovaiy and oviduct; 

Very long sacrum; and fusion of vertebrs; 

Extreme posterior position of pubis; 

Loss of left systemic arch. 
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CHAPTER X 


LEPUS: A WARM-BLOODED, VIVIPAROUS 
CHORDATE 

EXTERNALS. — ^The most obvious characteristic of the rabbit aod 
of other mammals is the possession of hair, which, typically, forms 
a complete covering to the body. Hairs are more or less cylindrical 
epidermal structures, seated in little pits or follicles at the base of 
each of which is a papilla. The epidermal cells just above the papilla 
multiply actively and contribute new material to the hair, which in 
this way grows in length (see p. 201). The central axis of the hair is 
called the medulla, and surrounding this is the cortex (which is often 
pigmented), and a cuticle. The function of hair is to prevent loss of 
heat from the body by radiation, for mammals are warm-blooded 
(homothermous). It also serves for protection, and sometimes as a 
sensory tactile organ, as in the case of the vibrissa or “whiskers”. 

The fingers and toes end in claws, likewise epidermal structures. 

The skin is thicker than in the forms previously described. In the 
epidermis there is a great difference between the actively growing 
cells at the base (stratum Malpighi), and the flat, homy cells on the 
surface (stratum corneum) which arc continually being lost and 
replaced from the stratum Malpighi. 

The dermis of the skin forms the basis of leather, and it commonly 
contains fat forming a layer which assists the animal in maintaming 
its internal heat. Beneath the skin are muscles which serve to move 
and shake it. In the region of the trunk these muscles form the 
panniculus curnosus; in the head the skin muscles are concerned 
with movements of the eyelids, lips, and external ears (platysma 
muscles) (see p. 240). 

The skin in mammals is well supplied with glands of epidermal 
origin, of which there arc three kinds: sudoriparous, sebaceous, 
and mammary. The sudoriparous, or sweat-glands, are small tubes 
which sink into the dermis from the surface, and end blindly aftw a 
certain number of ceilings. They serve to excrete water which is 
obtained from the neighbouring blood-vessels, and in so doing th^ 
play an important part in the regulation of the temperature of the 
body. The water excreted is ordinarily converted into vapour, and 
thereby absorbs the latent heat required for this conversion from 
the body. 
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The sebaceous glands differ from the sweat-glands in that they 
branch repeatedly, and that their secretion is not extracellular 
and liquid, but intracellular greasy substances which are pushed out 
in the loaded cells themselves. These glands are usually found 
opening into the hair-follicles, whence the greasy secretion spreads 
over the hair. Other glands of this type open to the surface along the 
edge of the eyelids (Meibomian glands), and into depressions at the 
sides of the anus (perineal glands). The secretion of the latter is 
responsible for the smell of the rabbit. 

Mammary glands, or milk glands, are also characteristic of the 
whole order Mammalia. They occur in both sexes, but are normally 
functional only in the female. They are branched tubes lying between 
the skin and the underlying muscles on the ventral surface of the 
body, and opening to the surface by nipples, of which there are in 
the rabbit about four pairs, corresponding to the usual number of 
young born in a litter. 

The eyes have upper and lower eyelids and a small nictitating 
membrane. A noteworthy feature is the presence of external ears, 
or pinnae, which assist the sense of hearing, by concentrating the 
waves of sound. 

The anus is at the root of the tail, and is separate from the urino- 
genital aperture, which is situated in front of it, and takes the form 
of a penis in the male or a vulva in the female. At the sides of the 
penis in adult males are the scrotal sacs which contain the testes. 
This ventral position of the testes is a new feature, peculiar to most 
adult mammals. 

SKULL. — The skull has two occipital condyles, formed from the 
exoccipitals. The floor is formed by basioccipital, basisphenoid, 
presphenoid, and vomer, the latter representing the anterior portion 
of the parasphenoid of lower forms. The mesethmoid is perforated 
by a number of pores through which branches of the olfactory nerve 
run to the nasal sacs; it is known as the cribriform plate. Anteriorly, 
the mesethmoid extends as the vertical septum nasi, which separates 
the cavities of the nasal capsules. 

The roof of the skull is formed by the supraoccipital, parietals, 
frontals, and nasals. The bones of the auditory capsules are fused to 
form the periotics, which form the hinder part of the side of the 
brain-case. The remainder of the side is formed by the squamosals, 
alisphenoids (corresponding to the epipterygoids of reptiles), and 
orbitosphenoids. There is a small lachrymal bone near the frpnt of 
the orbit. 

The margin to the upper jaw is formed by the premaxillae and the 
maxillae. From the maxillae the jugals extend backwards and meet a 
process (zygomatic) of the squamosal forming (with the jugal) the 
5 — -V.Z. 
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“cheek bone”. The roof of the mouth is a false palate, formed by 
flat extensions of the maxillae and palatine bones meeting their Sdlows 
of the opposite side ventral to the true roof of the mouth, and 



Figure 6(). Skull of a dog, seen from ihc left side and slightly from beneath. 

The Roman ligurcs close to the arrows indicate the cranial nerves which 
emerge from the several foiamina. JI, optic nerve through the optic foramen; 
III, oculomotor nerve; IV, trochlear nerve; VI, first or ophthalmic branch of 
the trigeminal nerve, and VI, abducens nerve, all emerging through the foramen 
laccrum antenus; V2, second or maxillary branch of the trigeminal nerve, 
through the foramen lotundum; V3, third or mandibular branch of the trige- 
minal nerve, through the foramen ovale; VII, facial nerve, through the stylo- 
mastoid foramen; IX, glossopharyngeal nerve; X, vagus nerve; XI, spinal 
acojssory nerve, all emerging through the foramen laccrum posterius; XII, 
hypt^glossal nerve, through the condylar foramen; a, alisphenoid; ac^ alisphenoid 
canal (lodging the so-callcd external carotid artery); basisphenoid; 
oi>cning into the tympanic bulla for the Eustachian tubc;////i, foramen laccrum 
medium through which the internal carotid artery enters the skull; fp^ false 
palate ;y, jugal; /, lachrymal , mp, mastoid process; np, nasal passage; oc, occipital 
condyles; os, orbitosphenoid; p, parietal; pi, palatine; pm 4, fourth premolar 
modified into the camassial tooth; p/, pterygoid; s, squamosal; sp, styloid 
process; tb, tympanic bulla, 

enclosing the nasal passage. Tlie pterygoids are small bones behind 
the palatines, and at the sides of the basisphenoid. The vomer 
representing the parasphenoid is covered over by the false palatis. 
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Large tympanic bull® lie beneath the periotic and contain the 
tympanic cavity. The nasal cavities contain a number of scroll-like 
turbinal bones (see Figs. 143, 149, and 150). 

The wall of the skull is pierced by a number of holes or foramina 
through which nerves and blood-vessels pass out and enter. These 
foramina are commonly situated between different bones, for the 
nerve or blood-vessel developed first and the bones formed after- 
wards. At first these bones are small, but as they grow they meet one 
another forming sutures, and foramina are open sutures. Occasion- 
ally the bone grows all round the nerve or blood-vessel, and the 
foramen then pierces that bone. The most important foramina are 
those in the orbit and hinder region of the skull, and they are most 
conveniently studied in the skull of a young dog, in which the sutures 
between the bones are still plainly visible. 

The optic nerve (II) emerges through the optic foramen in the 
orbitosphenoid bone. Immediately behind this is the foramen 
lacerum anterius between the orbitosphenoid and the alisphenoid. 
Through it pass the oculomotor (III), trochlear (IV), abducens (VI) 
and the ophthalmic branch of the trigeminal nerve (VI). The maxil- 
lary branch of the trigeminal (V2) emerges through the foramen 
rotundum in the alisphenoid, while the mandibular branch of the 
same nerve (V3) passes through the foramen ovale between the 
alisphenoid and the periotic. The Eustachian tube passes into the 
tympanic bulla through an opening between the latter and the basi- 
sphenoid. The foramen just median to this is the lacerum medium 
(likewise between the tympanic bulla and the basisphenoid), through 
which the internal carotid artery enters the skull. The so-called 
external carotid artery, which is given off from the internal carotid 
before the latter enters the skull, runs forwards through the ali- 
sphenoid canal. This is not a true foramen for it does not lead into 
the skull, but is a short tunnel in the alisphenoid. Its hind entrance 
is below the foramen ovale, and its anterior exit is confluent with the 
foramen rotundum. The facial nerve (VI I) emerges through the 
stylo-mastoid foramen, between the hind face of the tympanic bulla 
and the periotic. Between the periotic and the exoccipital is a large 
elongated opening, the foramen lacerum posterius. Through this pass 
the glossopharyngeal (IX), the vagus (X), and the spinal accessory 

(XI) nerves, and the internal jugular vein. The hypoglossal nerve 

(XII) passes through the condylar foramen in the exoccipital. The 
large hole at the back of the skull for the spinal cord is thcToramen 
magnum. 

The lower jaw consists of a single bone: the dentary, which 
articulates with the skull by means of the squamosal. This method 
of articulation is characteristic of mammals, and differs from the 
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articular-quadrate articulation of all other Gnathostomes. Indeed, 
at first sight, the quadrate and articular appear to be absent from the 
mammalian skull. On the other hand, whereas other vertebrates have 
one single bone connecting the tympanic membrane with the fenestra 
ovalis of the auditory capsule, in the mammal there are three such 
bones. The one nearest to the fenestra ovalis is perforated and called 
the stapes (stirrup); it is homologous with the columella suris and 
hyomandibula of lower forms. The next bone is the incus, which is 
in reality the quadrate as can be shown by its embryological develop- 
ment; and the last bone is the malleus which is in reality the articular. 
During the course of the evolution of the mammals, these bones 
have therefore undergone a remarkable change of function. 

The “hyoid” is a small plate of bone, connected with the periotic 
by a number of small bones representing the hyoid arch (styloid 
process). The ccratobranchials of the 1st branchial arch are repre- 
sented by the posterior horns of the hyoid (thyrohyoid). Elements of 
the remaining branchial arches are possibly represented in the 
cartilages of the larynx and of the trachea. 

TEH I M. — Equally distinctive of mammals are the teeth, which are 
of dilTcrcnt shape in the various regions of the mouth, a condition 
termed heterodonl as distinct from the homodont condition of lower 
forms in which all the teeth are alike. A further distinction lies in the 
fact that the teeth arc replaced once only in the mammal (diphyodont 
condition), and not repeatedly as in lower forms (polyphyodont). 
There are four kinds of mammalian teeth: incisors, canines, pre- 
molars, and molars. The incisors or cutting teeth are situated at the 
front of the mouth, those of the upper jaw are borne on the pre- 
maxilljc. I he next kind of tooth is the canine or tusk, but it is not 
present in the rabbit, which is a herbivorous animal. In the dog the 
canines are well developed, that in the upper jaw is the most anterior 
tooth in the maxilla, and the canine of the lower jaw lies in front of 
that in the upper when the mouth closes. In the rabbit there is a 
long gap or diastema between the incisors and the premolars. Pre- 
molars and molars are often much alike, but their distinction lies in 
the fact that the prcinolars appear in two sets: “milk teeth” arising 
first and being replaced by permanent teeth as in the case of incisors 
and canines; but there is only one generation of molars. Premolars 
and molars, or grinding teeth, are the hindmost teeth to be carried 
on the maxillx in the upper jaw. 

Bearing in mind the four different sorts of teeth, it is possible to 
describe the dentition of a mammal very simply and quickly by 
means of a “dental formula”: that of the rabbit is: 

.2 0 3 3 

« C Q, p 2- m 
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The dental formula of the dog, on the other hand, is: 

.3142 

13,0 

Most mammalian teeth grow to a certain size and then cease, as 
a result of the closing of the entrance into the pulp-cavity by the 
formation of “roots” or fangs. Some, however, retain the open pulp- 
cavities which are continuously supplying food material to the 
odontoblasts, as a result of which the tooth can go on growing 
throughout life. Such teeth are called “rootless”, or “with persistent 
pulps”, and examples are to be found in the incisors of the rabbit. 
As a rule, teeth which are subjected to perpetual wearing down owing 
to grinding or gnawing, or which can grow out of the mouth for 
unlimited distances such as the tusks of the elephant, are of this 
kind. In the rabbit, the lower incisors are kept in check by the upper 
ones, and vice versa; but if one tooth through accident is lost or 
destroyed, the opposing tooth in the other jaw is no longer resisted 
in its growth. Under such circumstances it grows continuously 
and eventually kills the rabbit by preventing it from shutting its 
mouth. In a sense, it may be compared with the unruly growth of a 
tumour. 

SKELETON. — The skeleton of mammals has a peculiarity in many 
of its bones which is not found in any other vertebrates. Several of 
the cartilage-bones, and especially the vertebras and the bones of the 
limbs are composed of three pieces: a central shaft or diaphysis and 
an epiphysis at each end. Between the epiphyses and the diaphysis 
there are, in young mammals, portions of cartilage, and the bone is 
able to increase in length by adding on new bone to the diaphysis at 
each end. Eventually, however, the epiphyses become firmly fused 
on to the diaphysis, and no further growth of the bone is then 
possible. The epiphyses can still, however, be recognised as distinct 
from the diaphysis. 

VERTEBRAL COLUMN. — In all mammals the number of cervical 
vertebrae is seven (three species only form an exception to this rule). 
The first is the centrum-less atlas, and the second is the axis bearing 
the centrum of the atlas in the form of the odontoid peg. The cervical 
vertebrae have vertebrarterial canals formed by the fusion of the 
tuberculum of the rib to the transverse process of the vertebrae, and 
the capitulum of the rib to the centrum. The thoracic vertebrae are 
usually a dozen in number, and each is related to a pair of ribs with 
which it articulates by tubercular and capitular facets. Behind the 
thoracic region are the lumbar vertebrae, usually seven in number, 
and characterised by their large transverse processes. Next comes the 
sacral region which is attached to the ilium of the pelvic girdle, and 
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the caudal rcpon with vertebras which become simpler in structure 
as they approach the tip. 

FORE LIMB AND GIRDLE. — ^The pcctoral girdle is formed by the 
scapula, which bears a ridge, the acromion, and a small coracoid 
process representing the coracoid of lower forms. There is no sep- 
arate coracoid. The clavicle is slender, and joins the acromion to the 
sternum. The arm is made up of the usual bones: humerus, radius, 



1 igurc 61. Lepus: thoracic vertebrae and ribs. 

A, seen from in (ronl; 13, seen from the left side, c, centrum of the vertebra; 
ca, Ciipitulum of ihc rib; na, neural arch; rw, neural spine; r, rib; f, tubcrculum 
of the rib; //», transverse prtKcss. 

and ulna, three proximal carpals (scaphoid or radiale, lunar or inter- 
medium, cuneiform or ulnarc); one central carpal (centrale), and 
four distal carpals (trapc/ium, trapezoid, magnum, and unciform) 
make up the wrist, Thcie are five mctacarpals, and the phalanges 
are 2, 3, 3, 3, 3 in number on the respective fingers. 

HIND LIMB AND GiRDi i..— The pelvic girdle is formed of the 
usual three bones: ilium, ischium, and pubis, on each side. The 
ilium runs forwards and upwards from the acetabulum to the sacrum, 
instead of backwards as in reptiles. The pubis meets its fellow from 
the opposite side in the middle line, forming the pubic symphysis; 
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and a large obturator foramen separates the pubis fremi the ischium 
of its own side. 

The femur has a large head, which fits into the acetabular cavity 
of the pelvic girdle, and three processes or trochadters, which serve for 
the attachment of muscles. The tibia is large, but the fibula is small 
and fused on to the tibia. Covering the front side of the joint between 
femur and tibia is a small bone, the patella or knee-cap. 

The proximal tarsal bones are two in number: the astr;agalus, and 
the calcaneum (heel-bone). There is one centralc or navicular, and 
three distal tarsals. The latter are the mesocuneiform (2nd tarsal), 
ectocuneiform (3rd tarsal), and the cuboid (fused 4th and 5th tarsals). 
The rabbit is specialised in having lost the endocuneiform (1st 
tarsal), otherwise its tarsus is easily comparable to that of Triton, 
The foot has four toes, the 1st or hallux having disappeared. There 
are consequently four metatarsals, and the digital formula for the 
number of phalanges is 0, 3, 3, 3, 3. 

It is common to find small irregular bones on the under or palmar 
side of the joints of several of the fingers and toes, and covering 
certain joints of the arm and leg. These are the sesamoid bones. They 
arise in connexion with the insertion of tendons on to bones. Ex- 
amples are the patella, and the pisiform which underlies the joint 
between the ulna and the cuneiform bone of the wrist. Sesamoids 
are important functionally, but they have not much significance in 
comparative anatomy, since they are not constant from group to 
group. 

STERNUM AND RIBS, — The breast-bonc or sternum is sub- 
divided into six sections, called sternebrae, and a posterior piece 
called the xiphisternum. The most anterior of these (manubrium) is 
attached to the clavicles. The first seven ribs articulate ventrally with 
the sternum. The dorsal part of each of lliese ribs is bony, the ventral 
part cartilaginous. The next two ribs are attached ventrally not to 
the sternum but to the seventh rib, and the remainder end freely and 
are not attached to any skeleton. 

CCELOM. — An important characteristic of mammals is the fact 
that the perivisceral coelomic cavity is completely divided into two 
by a transverse partition, anteriorly convex, the diaphragm. The 
lungs are in front of this diaphragm, enclosed in the pleural cavities. 
The pericardium is also in front of the diaphragm, but its cavity is 
separated from that of the pleural cavities. The remaining viscera lie 
in the general peritoneal cavity behind the diaphragm (see Fig. 127). 

The diaphragm, which is of course pierced by the alimentary canal, 
the aorta, and the inferior vena cava, divides the trunk effectively 
into thoracic and abdominal regions. It is muscular, and plays an 
important part in the process of respiration, assisting the ribs in 
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increasing the capacity of the thoracic box, and causing air to rash 
into the lungs. It is developed in part from the transverse septum. 
The scrotal sacs contain a portion of coelomic cavity, lined with 
ccelomic epithelium or peritoneum termed tunica vaginalis. 

The alimentary canal is supported by a dorsal mesentery. The 
latter, in the region of the stomach, is called the great omentum, and 
is pulled vcntrally and backwards so as to enclose a sac (the omental 
bursa) whicli communicates with the general peritoneal cavity on the 
right side of the stomach by the foramen of Winslow. In the rabbit 
the great omentum is small, but in other forms it is extensive and laps 
over the ventral side of several coils of the intestine. Fat is often 
found deposited in the great omentum, and especially in the pig. 

The plcunil cavities each surround a lung, which is suspended in 
them by a mesentery. The ccelomic epithelium of a pleural cavity is 
called the pleura, and it is divided into visceral (or splanchnic) and 
parietal (or somatic) parts. The parietal pleura lines the outer wall 
of the pleural cavity, the anterior face of the diaphragm, and in the 
middle line comes into contact with its fellow from the opposite side 
to form the mediastinal septum. The visceral pleura continues from 
the parietal and covers over the lung. When the ribs are lifted, the 
pleural cavities increase their volume, and since the space between the 
visceral and parietal pleura is a closed one, expansion of the parietal 
pleura is necessarily accompanied by expansion of the visceral pleura 
and of the lung which it covers. If the thoracic box were punctured 
and air could get into the pleural cavities, the visceral pleura and the 
lungs would fail to expand. The pericardium lies ventral and median 
to the pleural cavities. 

AMMCNVARV SYSiiM. -Thc Original edge to the mouth is 
represented by the gums, in which the teeth arc set. Outside these, 
fleshy lips arc dc\ eloped. I'he roof of the mouth is formed by the 
false palate, due to the extension inwards of a shelf from the maxilla 
and palatine bone on cacli side. In this region it is called the hard 
palate, and it is continued posteriorly a ^hort distance by the soft 
palate, in whieli there is no bone. 1 he false palate encloses the nasal 
passage between itself and the true roof of the mouth, and this 
passage opens into the mouth behind the soft palate, by the secondary 
chouna. The lloor of ilie mouth is occupied by a large soft tongue. 
Four pairs of saloary glands secrete into the mouth. They are the 
parotid (just in front of the car), the submaxillary (behind the angle 
of the mouth), the infra-orbital (below and behind the cheek-bone), 
and the sublingual (on the inner side of the lower jaw). 

The Eustachian lubes open into the mouth near the opening of the 
nasal passage, and behind them arc the tonsils which are remnants 
of the 2nd pair of visceral (1st branchial) gill pouches. 
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The pharynx connects with the larynx by the glottis, and this 
opening is protected by a flap, the epiglottis. In breathing, the soft 
palate is dropped, thus allowing air to come in through the nasal 
j)assage and into the mouth, and the epiglottis is raised, allowing the 
air to enter the larynx on its way to the lungs. When swallowing is 
taking place, the soft palate is raised, closing the nasal passage, and 
the epiglottis is forced down and bars the way into the larynx. 

The oesophagus runs through the diaphragm to the cardiac portion 
of the stomach. The other or pyloric portion of the stomach opens 
into the duodenum, the opening being surrounded by a sphincter 
muscle. The duodenum receives the bile-duct and the pancreatic 
duct. The liver is large, and fits close up against the posterior face of 
the diaphragm. It is connected with the stomach by the lesser omen- 
tum (mesentery), and with the floor of the peritoneal cavity by a small 
ventral mesentery, the falciform ligament. The gall-bladder is green 
in colour. The pancreas lies in the mesentery which stretches between 
the two arms of a loop formed by the duodenum. 

The small intestine is lined with countless finger-shaped processes 
called villi which absorb the products of digestion. Along the wall of 
the intestine are masses of lymphatic tissue known as Peyer's patches, 
from which lymphocytes pass into the cavity of the intestine. In the 
rabbit the small intestine is over two yards long, and it ends in a 
chamber called the sacculus rotundus, with which the ctecum and the 
large intestine connect. The caecum or blind gut ends blindly as its 
name implies, and at its extremity is the vermiform appendix which 
contains much lymphatic tissue. The caecum is a structure commonly 
found in herbivorous animals, for in it cellulose is digested with the 
help of bacteria. It is usual to find it reduced or absent in carnivorous 
forms. The large intestine or colon connects with the ccccum near the 
opening of the sacculus rotundus, and leads to the rectum and 
anus. 

RESPIRATORY SYSTEM. — Most of the Structures concerned with 
respiration have already been described in connexion with the mouth 
and the pleural cavities. The larynx is protected by a number of 
cartilages (thyroid, cricoid, and arytenoid) to which muscles are 
attached. Internally, it contains the vocal cords. The trachea, which 
is kept open by cartilaginous rings, leads from the larynx to the point 
where the two bronchi arise. Each bronchus leads to a lung, and 
becomes subdivided into larger and larger numbers of increasingly 
smaller air-spaces. The mammalian lung is not a vascular hpllow sac 
such as the lung of the newt or the lizard; its cavity is repeatedly 
subdivided so that it appears to be filled with spongy tissue in 
which blood-capillaries circulate, surrounded on all sides by the 
minute air-spaces. The surface of contact between air-spaces and 
5 * 
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blood-vess^ is very great; in man, for example, it is about thirty 
times the area of the body-surface. 

VASCULAR SYSTEM. — ^The heart contains four chambers, two 
auricles and two ventricles. The truncus arteriosus has been split 
into two, right down to its base. One of these vessels opens out of 
the right ventricle and leads to the lungs; it is the pulmonary artery. 
The other opens out of the left ventricle and is the aorta which leads 
to the carotid arteries and the systemic arch. The two superior venae 
cavae and the inferior vena cava open directly into the right auricle; 
there is no sinus venosus. The pulmonary veins open into the left 
auricle. Guarding the opening between the right auricle and right 
ventricle is the tricuspid valve; the corresponding opening between 
the left auricle and left ventricle is guarded by the mitral valve.* 
The openings of the aorta and pulmonary artery are guarded by 
semi-lunar valves. 

The systemic (4th arterial) arch persists only on the left side. On 
the right, it is represented only by the short innominate artery from 
which the right carotid and right subclavian arteries arise. On the 
left side these two arteries arise from the systemic arch, which, 
passing back and up round the left side of the gut, becomes the 
dorsal aorta. The dorsal aorta gives off the following arteries : coeliac 
(to stomach, liver, duodenum, and spleen); anterior mesenteric (to 
small intestine and colon); posterior mesenteric (to rectum); all of 
which run ventrally in the mesentery to the several viscera. Between 
the anterior and the posterior mesenteric arteries, the dorsal aorta 
also gives off the renal arteries to the kidneys, and the genital arteries 
to the gonads. In the case of males in which the testes have descended 
into the scrotal sacs, the latter arteries are of considerable length. 
Posteriorly the dorsal aorta divides into the iliac arteries which 
supply the hind legs, and the caudal artery. The 5th arterial arch 

• The number of flaps which these valves possess should be obvious; the 
tricuspid has three, and the mitral two. These flaps are membranous. 


Figure 62. Lepus: dissection of the vascular system seen from the ventral 

side. 

a, aorta; ab, adrenal body; a/, anterior laryngeal nerve (branch of vagus); 
am, anterior mesenteric artery; c, carotid artery; ca, cceliac artery; egy anterior 
mesenteric sympathetic ganglion; cn, cervical nerve; d, diaphragm; da, ductus 
arteriosus; dn, depressor nerve (branch of vagus); i, innominate artery; isg, 
posterior cervical sympathetic ganglion;/, jugular vein; /, larynx; o, oesophagus; 
p, pulmonary trunk; pa, pulmonary artery; ph, phrenic nerve; pv, pulmonary 
vein; ra, renal artery; rd, ramus descendens (branch of hypoglossal nerve); 
rl, recurrent laryngeal nerve (branch of vagus); rv, renal vein; s, stomach; sa, 
subclavian artery; ssg, anterior cervical sympathetic ganglion; sv, subclavian 
vein; sy, sympathetic ner\'e-chain; t, thymus gland; th, thyroid gland; tr, trachea; 
V, vagus nerve; vci, vena cava inferior; vg, vagus ganglion; XII, hypoglossal 
nerve. 
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disappears, but the 6th is represented by the pulmonary. Originally, 
as in the fish, the 6th arterial arch communicated with the lateral 
dorsal aorta, and this communication is present in the mammalian 
embryo, on the left side, in the form of the ductus arteriosus. In the 
adult the ductus arteriosus loses its function (which is important in 
the embryo) and degenerates into a ligament. The ductus arteriosus 
is also called the ductus Botalli. 



Figure 63. Diagram showing the relations of the arterial arches and the 
branches of the vagus nerve in: A, Scyllium, and B, Lepus; seen 
from I lie left side. 

fl/, anterior larvngcal nerve; hv 1, 3, 4, and 6, blood-vessels (arterial arches) 
running in liie first, third, fomth, and sixth visceral arch; ca, carotid arch; 
J, ductus arteriosus; dorsal aorta; Et, Eustachian tube; first gill-slit; 
/r, heart; w, mouth; pa, pulmonary artery; /7, recurrent laryngeal nerve; s, 
spiracle; sa, systemic arch; /, tonsil; v, vagus ner\c; vb 1, 4, first, fourth branch 
of the vagus nerve. 

The vena cava superior of each side is made up of the jugular and 
subclavian veins, and opens into the right auricle. In some forms the 
left superior vena cava is connected with the right by a transverse 
innominate \cin, and so loses its own opening into the right auricle. 
The left vena cava superior also recei\es at its base the thoracic duct 
which connects with the s\stcm of lymphatic vessels. The posterior 
cardinal veins are represented by the azygos (right) and hemiazygos 
(left) veins of the vvall of the thorax. The hemiazygos connects with 
the azygos, wliich opens into the right superior vena cava. The con- 
nexion between the hemiazygos and the left superior vena cava has 
been lost. 
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The walls of the heart itself are drained by ^ins, called coronary 
veins, which open into the right auricle. 

The veins from the hind legs (iliac and femoral veins) run into the 
inferior vena cava, which also receives the genital vein from the 
gonads, the renal veins from the kidneys and the hepatic veins from 
the liver, and runs into the right auricle. Blood from the stomach 
and intestine is carried to the liver by the hepatic portal vein: there 
is no renal portal vein. The blood of the mammals differs from that 
of all other animals in that in the adult the red blood-corpuscles 
have no nuclei. Instead of being biconvex, the red corpuscles here 
are biconcave. The source of supply of new blood-corpuscles in late 
embryonic and in adult life is in the red marrow which is situated in 
the central cavity of a number of bones. In addition, lymphocytes 
are produced in the lymph-glands, which also serve as blood-filters. 
It is possible that blood-corpuscles may also be formed in the spleen. 

Like birds, mammals are warm-blooded, or homothermous. 

URINO-GENITAL SYSTEM. — ^Thc kidneys are asymmetrically 
placed. They arc metanephric structures, connected by the ureters 
with the urinary bladder. 

In the female the Mullerian ducts persist while the Wolffian ducts 
disappear together with the mesonephros (traces of the latter may 
persist as the epoophoron and paroophoron). The ovaries are close to 
the anterior end of the Mullerian ducts or oviducts, which open into 
the peritoneal cavity by the Fallopian tubes. The base of each oviduct 
is enlarged and specialised to form the uterus, in which the young 
embryos develop, for mammals are viviparous. The two uteri arc 
close together, and they open into the single median vagina. The 
bladder is just ventral to the vagina and connects with it to form the 
vestibule which communicates with the exterior by the vulva. 

The vestibule is dorsal to the pubic symphysis, and ventral to the 
anus, with which it has no connexion. There is therefore no cloaca. 

In the male, the Mullerian ducts disappear except for the uterus 
masculinus, which lies dorsal to the bladder. The testes are connected 
with the epididymis, representing the mesonephros of their own side. 
From the epididymis the vas deferens or Wolffian duct leads to the 
base of the bladder on its dorsal side, close to the prostate gland. 
The bladder and vasa deferentia lead into a tube, the urethra, which 
runs through and opens to the exterior at the end of the penis. 

The testes arise near the roof of the peritoneal cavity, suspended 
by mesenteries. When here, they are said to be in the abdominal 
position, for later on they descend ventrally and backwards into the 
scrotal sacs. The spermatic cords, containing the artery from the 
dorsal aorta, show the path taken by the testes in their descent; they 
passed median and ventral to the ureters as is shown also by the 
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course ojTfthe vas deferens. The epididymis is connected with the 
scrQtai sac by an clastic cord, the gubcrnaculum, which in early stages 
grows down into the scrotal sac and guides the testis hither in its 
descent. 



Figure 64. Lepus, dissection of the female urinogenital system seen from 
the ventral side. 

For explanation of Icttciing, see Figure 65. 


It may be mentioned that the ovary in mammals is peculiar in 
possessing Graafian follicles (sec p. 194). 

DUCTLESS GI ANDS (scc Chapter XXXIII).-— The spleen is 
situated in the mesentery near the stomach. It is related to the 
lymphatic glands, and its function is to act as a filter or purifier of 
the blood. This it does by destroying worn-out blood-corpuscles, 
and foreign bodies which may have got into the blood. 
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The thyroid is two-lobed, and lies across thS ventral side of the 
larynx. It is associated with the parathyroids. 

TThe thymus lies close in front of the heart, and is smaller in older 



Figure 65. Lepus: dissection of the male urinogcnital system seen from 

the ventraJ side. 

a, anus; aby ady adrenal body; by bladder; duy dorsal aorta; e, epididymis; 
gy gubemaculum; iOy iliac artery; ky kidney; Oy ovary; ooy ovarian artery; od 
oviduct; p, penis; r, rectum; ruy renal artery; say spermatic cord; ssy scrotal sac; 
ty testis; m, ureter; uty uterus; v, vestibule; va, vagina; vc/, vena cava inferior; 
vd, vas deferens. 

than in younger animals. The adrenals are small compact bodies 
lying anterior to the kidney on each side. Each consists of a cortex 
(corresponding to the inter-renal of Scyllium) and a central medulla 
(supra-renal). The pituitary lies in a depression in the floor of the 
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skulls called the sella turcica. The gland is composed of four parts: 
anterior, intermedia, tuberalis, and nervosa. The pineal gland is on 
the roof of the between-brain and between the cerebral hemispheres. 
The pancreas has already been noticed on account of its external 



I'igurc 6(). Lepus: the brain, seen. A, from the inner side of a longitudinal 
veiiieal section; B, from tlic ventral side. 

ac, antcrii>r coinniissiire; c, cercbclliini; rr, corpus callosum; r/z, cerebral 
hemisphere; c./, corpora c|iuulngemina; rr, crura CLTcbri;/A/, foramen of Monro 
(shown by an arrow); lupptKampal commissure; hc\ habenular commissure; 
It, lamina tcrrnmalis, l\\ lateral ventricle (ca\iiy of cerebral hemisphere); mo, 
medulla oblongata, oc, optic chiasma; o/, olfaclor>' lobe; p, pineal body; pb, 
pituitary body; pL\ posterior commissure; />/, pyriform lobe; pV, pons Varolii; 
sc, vsoft commissure. The roman hgurcs indicate the roots of I, olfactory; 
II, optic; HI, oculomotor; IV, trochlear; V, trigeminal; VI, abducens; VII, facial; 
Vill, audiioiy; I\, glossopharyitgcal; X, vagus, and XH, hypoglossal nerves. 


secretion into the duodenum, but it also has a very important 
internal secretion formed by the islets of Langerhans. The gonads 
produce an internal secretion which is responsible for the differentia- 
tion of the sexual characters of their particular sex, but it is not yet 
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clear which tissue is responsible for this effect. In the pregnant 
female, the follicle from which the egg was liberated becomes a 
corpus luteum, the internal secretion of which plays an important 
part in the development of the embryo in the uterus. 

NERVOUS SYSTEM. — ^Thc most important characteristics of the 
mammalian nervous system are to be found in the brain. 

The medulla oblongata or myelenccphalon is not very different 
from that of lower forms, but in the metencephalon the cerebellum 
is much enlarged and divisible into a number of lobes. Its surface is 
thrown into a number of folds, which increases the quantity of 
superficial grey matter or cortex which it contains. There is also a 
band of nerve-fibres which join the two sides of the cerebellum to one 
another passing ventral to the rest of the hindbrain; this is the pons 
Varolii, peculiar to mammals. The cavity of the 4th ventricle does 
not extend into the cerebellum, which is solid. The roof of the mid- 
brain bears, not two, but four prominences. That is to say, that in 
place of the two optic lobes of lower vertebrates, there are now four 
corpora quadrigemina. 

The sides of the between-brain are thickened to form the optic 
thalami, so much so indeed that the two sides touch one another 
across the constricted 3rd ventricle, forming the “soft commissure”. 
The roof of the between-brain bears the pineal stalk, the floor is 
depressed to form the infundibulum to which the pituitary body is 
attached. Posterior to the pituitary, the corpora mammillaria form 
two prominences depending from the floor. The main bundles of 
fibres which pass up and down from the brain and spinal cord run 
in the ventral portion of the hindbrain, dorsal to the pons Varolii, 
and diverge right and left in the region of the infundibulum forming 
the crura cerebri. 

The cerebral hemispheres, or roofs of the lateral ventricles forming 
the end-brain, are enormous and extend backwards covering over 
the between-brain and midbrain. The superficial layer of nerve-cells 
or grey matter forming the cerebral cortex, which was slightly 
developed in reptiles, is in the mammals thick and well formed. The 
surface is thrown into a few folds, forming sulci and gyri; but these 
are not so numerous in the brain of the rabbit as in higher mammals. 
The body of the hemispheres is marked out into a number of lobes 
by fissures (frontal, parietal, occipital, and temporal lobes). The two 
hemispheres are separated by a deep cleft or median fissure, but the 
cortex of each side is connected with that of the opposite side by a 
broad band of transverse fibres forming the corpus callosum, like- 
wise peculiar to mammals. The cavities of the hemispheres are the 
lateral ventricles, which communicate with the 3rd ventricle by the 
foramina of Monro. 
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Beneath the temporal lobes are the pyriform lobes which corres- 
pond to part of the roof of the end-brain of reptiles, and which 
communicate with the olfactory lobes in front. The floor of the end- 
brain is marked by the optic chiasma and the corpus striatum. 

The various regions and centres of the brain in mammals are 
extensively connected with one another by tracts of fibres. Most of 
these connexions can only be made out by detailed study, but the 
transverse tracts or commissures are easily seen in a longitudinal 
section of the brain. Of these, the corpus callosum (connecting 
cerebral cortex) and the pons Varolii (connecting cerebellar cortex) 
have already been mentioned. In addition there are the following: 
the hippocampal commissure, which connects the two hippocampal 
lobes, running ventral and posterior to the corpus callosum and 
dorsal to the 3rd ventricle; the anterior commissure, connecting the 
two halves of the corpus striatum, and running in the anterior wall 
of the 3rd ventricle or lamina terminalis; the habenular commissure, 
connecting the optic thalanii, running across the roof of the 3rd'' 
, ventricle just beneath the pineal body; the posterior commissure, in 
the roof of the midbrain; the inferior commissure, crossing the floor 
of the 3rd ventricle close to the optic chiasma. The “soft commis- 
sure'’ is not really a commissure, since it does not transmit a trans- 
verse tract of fibres. 

MENiNCHvAL MEMBRANES. — The brain is surrounded by the 
vascular pia mater, which projects into the laieral ventricles, the 
3rd and the 4th ventricles, forming in each a choroid plexus. Outside 
the pia mater is the arachnoid membrane, and outside this again is 
the protective and hard dura mater. The cerebro-spinal fluid which 
fills the canal of the spinal cord and the ventricles of the brain com- 
municates with the space contained by these meningeal membranes 
througli an opening in the roof of the 4th ventricle, the foramen of 
Magcndic. 

NERVES. -The distribution of the peripheral nerves in the head 
is not dissimilar to that in lower forms, but attention may be paid 
to the conditions in the region ot the neck. On each side of the neck, 
just lateral to the trachea, there are a number of nerves running 
parallel with the carotid artery and jugular vein. The vagus is one of 
these; it emerges from the skull (through the foramen lacerum 
postcrius) and s'vells into a ganglion from which a nerve runs back- 
wards. !t soon gi\es otT an anterior laryngeal nerve which runs to the 
larynx, and a small depressor nerve which accompanies the vagus in 
its course backwards to the heart. The vagus passes ventral to the 
aortic arch on the left, and ventral to the innominate artery (which 
corresponds to the aortic arch) on the right. Immediately after 
passing the artery, the vagus gives off a posterior or recurrent 
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laryngeal nerve which loops round the artery, passes dorsal to it, 
and runs forwards again along the side of the trachifea. On the left 
side the loop of the recurrent laryngeal passes behind the ductus 
arteriosus. This peculiar course of the recurrent laryngeal nerve is 
easily understood on referring to the nervous system of Scyllium. 
The anterior laryngeal nerve corresponds to part of the first branch 
of the vagus which runs in the 4th visceral (2nd branchial) arch. The 
posterior or recurrent laryngeal nerve corresponds to part of the 4th 


a 



Figure 67. Diagram showing the structure of the ear in mammals. 

flc, auditory capsule; c, cochlea; de, ductus endolymphaticus; Et, Eustachian 
tube; /<?, fenestra ovalis; /r, fenestra rotunda; /, incus (quadrate); w, malleus 
(articular); ne, external auditory meatus (outer ear); s, stapes (columella auris, 
hyomandibula); sa, saccule; sc, semicircular canal; tc, tympanic cavity (middle 
car); tm, tympanic membrane (ear-drum); u, utricle. 

branch of the vagus which runs in the 7th visceral (5th branchial) 
arch. Now the aortic arch, and its representative on the right the 
innominate artery, are the blood-vessels of the 4th visceral (2nd 
branchial) arch; and the ductus arteriosus is the vessel of the 6th 
visceral (4th branchial) arch. In development these arches' are dis- 
placed backwards to a considerable extent. But this backward 
movement of these arteries necessarily pulls back the nerves of the 
next posterior visceral arch, and this is why the recurrent laryngeal 
nerves have to loop round the arteries before they can reach their 
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destination. The main branch of the vagus continues backwards to 
the heart, stoitiach, and intestine and corresponds to the visceral 
branch of the vagus of Scyllium. It transmits fibres which belong to 
the parasympathetic (autonomic) nervous system. 

Parallel with the vagus in the neck is the trunk of the sympathetic 
nervous system. It swells into the anterior cervical ganglion, on a 
level with the ganglion of the vagus, and continues forwards into the 
head accompanying the internal carotid artery. Farther back, the 
sympathetic trunks have a posterior cervical ganglion, and run back- 
wards accompanying the aorta, swelling into ganglia in most of the 
segments of the thorax and abdomen. From some of these ganglia, 
fibres run to the anterior mesenteric ganglion on the root of the 
anterior mesenteric artery, and to the posterior mesenteric ganglion, 
which is situated near the root of the posterior mesenteric artery. 
From these ganglia, fibres arc distributed to the smooth muscles of 
the gut, bladder, and other viscera. It may be repeated that the 
feature which distinguishes the autonomic (sympathetic and para- 
sympathetic) nerves from the remainder is the fact that in the auto- 
nomic system the muscles and glands are not connected directly 
with the brain or spinal cord by a single nerve-cell, but by two, one 
reaching from the brain or cord to the sympathetic (or parasympa- 
thetic) ganglion, and the other continuing from this ganglion to the 
muscle or gland in question. Such muscles are always smooth and 
involuntary. Striped (voluntary) muscles are innervated direct from 
the brain or cord by nerve-cells which go all the way without inter- 
ruption. 

As in lower forms, the ganglia of the sympathetic trunk are con- 
nected w'ith the spinal ganglia by rami communicantes. 

The diaphragm contains muscles of somatic origin which are 
innervated by the phrenic nerves. These nerves arc formed from the 
4th and 5th cervical spinal nerves, and run back to the diaphragm on 
each side ot the heart. Ihc length of their course shows the amount 
which the diaphragm, together with the heart and aortic arches, have 
moved backwards during development; a movement which has 
already been noticed in connexion with the recurrent laryngeal 
nerves. 

SENSE-ORGANS. — Thc scnse-organs of the mammal show certain 
peculiarities. The sensory surface ot the olfactory organs is increased 
by the formation of folds supported by the turbinal bones. Jacob- 
son s organ opens into the mouth in some forms, but it disappears 
in others. The car is remarkable for the external pinna, and thc 
inclusion of the articular and quadrate as the malleus and incus, in 
the chain of bones which together with the stapes (columella auris) 
connect the tympanic membrane with the fenestra ovalis. The pro- 
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jection from the sacculh which forms the ductus cochleatis io Iowa 
forms, and is responsible for hearing as ap^ from appreciating 
balance (the function of the rest of the ear), is in the mammals very 
highly developed. It is much elongated, and is coiled in a spiral which 
enables it to be accommodated in the comparatively small cochlear 
part of the auditory capsule. 

The eyelids are movable and muscular, and well supplied with 
glands; lachrymal and Harderian glands are present, and a naso- 
lachrymal duct. 

Characteristics of Lepus, typical of Mammals: 

Hair; 

Bones with diaphysis and epiphyses; 

Two condyles to the skull; 

Loss of coracoid; 

Tympanic bulla; 

Lower jaw composed of dentary only; 

Articulation of dentary with squamosal; 

Conversion of articular and quadrate into malleus and incus; 

Teeth heterodont and diphyodont; 

Diaphragm; 

Single left aortic arch; 

Non-nucleated red blood-corpuscles; 

Great expansion of cortex in cerebral hemispheres; 

Corpus callosum; 

Pons Varolii; 

Turbinals; 

Cochlea spirally wound; 

Descent of testes into scrotal sac; 

Mammary glands; 

Uterus and placenta (allantoic); 

Graafian follicles. 
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PART II 


EMBRYOLOGICAL TYPES 

CHAPTER XI 

AMPHIOXUS 

FERTM.iSATioN— The egg is surrounded by a vitelline membrane 
secreted by itself, and contains yolk mostly aggregated at one (the 
vegetative) pole. It is freed from the ovary and makes its way to the 
outside via the atrium and atriopore, at a stage shortly after the 
extrusion of the first polar body. In the water a sperm penetrates into 
the egg, which then proceeds to give off the second polar body; the 
egg and sperm pronuclei then fuse and fertilisation is effected. The 
second polar body marks the animal pole of the egg, and it persists 
throughout cleavage until the beginning of gastrulation, when it is^ 
possible to see that the future anterior end of the embryo arises at?av‘‘ 
point near the animal pole. Actually the axis of the egg (from aninlal 
to vegetative pole) makes an angle of 30'’ with the antero-posterior 
axis of the embryo. The egg-axis is determined in the ovary by the 
position of attachment of the egg to the germinal epithelium. The 
dorso-vcntral median plane of symmetry of the embryo is marked 
by the point of entrance of the sperm. ■* 

CM AVAtii .--The cleavage of the egg is total or holoblastic, i.c. 
the amount of yolk present is insufficient to prevent cell-division, 
but the cells of the vegetative pole are larger than those at the animal 
pole, lip to the 8-cell stage, the cell divisions keep pace with one 
another, but after that they become irregular. As a result of cleavage 
a ball of cells or morula is formed, and as the number of cells 
increases the ball becomes hollow. The central cavity is the blastocoel, 
surrounded by a single layer of cells which are smaller in the future 
anterior region of the embryo, and larger posteriorly. The embryo 
at this stage is a blastula. 

GASTRi'i-ATiON. — The posterior side of the blastula, where the 
cells arc relatively larger, becomes flattened, and at one point (on the 
future dorsal side) actually tucked in beneath the more anterior 
smaller cells. In this way a lip is formed which soon extends right 
round the flattened region, which sinks in towards the centre of the 
blastula. This process of tucking-in is known as invagination, and 

134 
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the lip beneath whidi this takes place is the rim of the blastopore.. 
At the same time as the flattened region is becoming invaginated, 
the rim of the blastopore is growing over towards the future posterior 
pole of the embryo, a process known as epiboly. Between them, the 
processes of invagination and epiboly result in the conversion of the 
hollow single-layered ball (the blastula) into a double-layered hemi- 
spherical bowl. The original cavity of the ball (the blastocoel) has 
been obliterated, and the cavity of the bowl is the archenteron or 



Figure 68. Amphioxus: early stages of development. 


A, early blastula, showing the blastocoel ib); B, late blastula; C, beginning of 
gastrulation, the ectoderm (<?c) can now be distinguished from the endoderm 
(en);D, early gastrula with primitive gut-cavity orcntcron (e);E, gastrula, showing 
the blastopore {bl) or mouth of the enteron ; F, late gastrula. 

primitive gut, communicating with the exterior through the blasto- 
pore. The embryo at this stage is known as a gastrula; its outer layer 
is the ectoderm which will give rise to the epidermis, sense-organs 
and nervous system; its inner layer is composed partly of endoderm 
which occupies its central portion, partly of notochord which occu- 
pies a median longitudinal strip along its dorsal portion, and partly 
of mesoderm which occupies its dorsal portion on both sides of the 
notochord. The notochord and mesoderm become separated from 
one another and from the endoderm, and the free upper margins of 
the endoderm grow together and meet beneath the mesoderm and 
notochord. The endoderm will give rise to the alimentary canal and 
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its derivatives, e.g. liver; the mesoderm will give rise to the con- 
nective tissue, muscles, and germ-cells. The process of gastrulation 
therefore results in a redistribution of the materials of the embryo 
and in a separation between the ectoderm and the other germ-layers. 

The overgrowth of the rim of the blastopore or epiboly is the 
result of the tendency on the part of the cells of the animal hemi- 
sphere to stretch and extend their area. This process continues when 
gastrulation has occurred, and results in the elongation of the 
embryo along its antero-posterior axis, and the acquisition of a pear- 
like form. 

NERVi'-TUBH. — The Cells along the mid-dorsal line of the ecto- 
derm form a flat band which sinks in beneath the surface, and is 
grown over by the ectoderm on each side, which rises up to form the 
neural folds. This flat band is the neural plate; it soon becomes 
V-shaped in section, and the two arms of the V join so as to give 
rise to a long tube running all the way along the back just beneath 
the ectoderm: the nerve-tube. In front, this tube is open at the neuro- 
pore, a place where the neural folds have not met, and which is 
indicated by Kblliker’s pit in the adult. Behind, the neural folds rise 
up at the sides of and behind the blastopore. When they meet, they 
roof over the blastopore, which thus no longer communicates 
directly to the exterior, but finds itself opening into the hind part of 
the nerve-tube. In this manner the neurentcric canal is formed. 

MESODERM AND MFTAMERIC SEGMENTATION. — In Cach of 
the bands of cells which will give rise to the mesoderm, a longitu- 
dinal groove develops; the groove opening widely into the cavity of 
the archenteron. The grooves deepen, and their front portions be- 
come separated from the more posterior region by a transverse 
partition on cach side. These front portions become cut off from the 
archenteron altogether, and so a pair of mesodermal pouches is 
nipped otT, cach containing a portion of ctxlomic cavity which has 
been in communication with the archenteron and is therefore called 
an cntcrocoel. This pair of pouches gives rise to the first pair of 
somites, and it must not be mistaken for the pair of anterior head- 
cavities or anterior gut-divcrticula, which develops farther forward 
and at a later stage. 

Behind the first pair of somites, the grooves become nipped off 
from the cavity of the archenteron anteriorly, while they continue 
to communicate with it posteriorly. This means that the mesoderm 
1?ccomes separated from the wall of the archenteron progressively 
from in front backwards; and it also becomes divided up by trans- 
verse partitions into somites from in front backwards. These poster- 
ior somites (from the second inclusive) differ from the first pair only 
in that the mesoderm from which they are formed becomes separated 
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the wall sq^arating them breaks down, so that the codomic cavity 
of each somite communicates with that of the corresponding somite 
on the' opposite side of the body. The layer of coelomic wall or 
epithelium which touches the endodcrmal wall of the gut is called the 
splanchnic layer; that touching the ectoderm of the surface of the 
body is the somatic layer. That part of the ccelomic wall which abuts 
against the nerve-tube and notochord on each side becomes 
thickened and gives rise to muscle-fibres forming the myotome: one 
myotome to each somite on each side. The more dorsal portions of 
the coelomic cavity on each side, separating the myotome from the 
outer (or cutis) layer, are called the myococls; whereas the more 
ventral portion, into which the splanchnic layer suspends the gut 
from above, is the splanchnocoel. The myocoels become separated 
from the splanchnocoel of their somite by a horizontal partition. The 
myococls retain their segmental arrangement, and remain separated 
by the septa from the myocoels of the somites in front and behind. 
The septa separating the splanchnocccls, however, break down, so 
that there is a continuous splanchnocoelic or perivisceral cavity froni 
one end of the animal to the other. 

The myotomes soon begin to show the V-shape characteristic 
of the adult, and the alternation in position between right and left 
sides. 

In connexion with the mesoderm, there remains to be described 
a pair of pouches which become nipped off from the extreme front 
end of the wall of the gut. These are the anterior head-cavities, or 
anterior gut-divcrticula. They arise symmetrically, but the right one 
soon occupies all the anterior region of the embryo in front of the 
1st pair of myotomes, and becomes the head-cavity. The left anterior 
gut-divcrticulum remains small, and eventually acquires an opening 
to the outside at the bottom of an ectodermal inpushing called the 
prcoral pit; in the adult this opening is Halschck’s pit. 

There is no mesenchyme in Ampliioxus, and the connective tissue 
which surrounds the nerve-tube and notochord is derived from 
hollow ingrowths from the myoccrls, forming the sclerocoels, the 
walls of which arc the sclerotomes. The fin-ray boxes are also nipped 
off from the myocads. 

Portions of the myoca'I persist in the adult between the myotomes 
and the connective tissue which surrounds them. Lastly, a down- 
growth from each of the myocoels in the anterior region of the body 
gives rise to the gonocads, the walls of which (gonotomes) give rise 
to the gonads. 

It is important to notice that the whole of the mesoderm in 
Amphioxus is segmented, and that this segmentation is retained 
everywhere except in the region of the splanchnocoel. 
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THJ^ OUT^^At the Stage when there are j^o {>air8 of somites 
nipped orf, the embryo hatches and emerges from the vitelline mem^ 
brane as a larva. The gut is still a closed sac which communicates 
only with the nerve-tube, through the neurenteric canal. The mouth 
forms on the left side by a perforation between the ectoderm and the 
endoderm immediately underlying it. It is very asymmetrical and 
soon becomes a large opening bordered with cilia. In a similar way, 
the anus forms as a perforation just beneath the neurenteric canal, 
which becomes closed and obliterated. Behind and dorsal to the anus 
the tail begins to grow back. 




Figure 70. Amphioxus: young embryo and larva. 

A, seen from above; B, seen from the left side, a, anterior-gut diverticula; 
g, gut; n, notochord; /ic, nerve-cord; 5, mesodermal somites. 


The cells lining the cavity of the gut become ciliated, and the 
splanchnic layer of c celomic epithelium surrounding them gives rise 
to smooth muscle-fibres. The mid-gut diverticulum grows out from 
the gut on the right side. 

, The origin of the structures of the pharynx is peculiar and com- 
plicated by the extraordinary asymmetry which the larva shows. A 
structure is formed by the downgrowth of a groove from the front 
of the floor of the gut, and is converted into a tube which eventually 
opens into the gut on the right side, and to the exterior a little to the 
left of the midventral line. This is the so-called club-shaped gland, 
which is regarded as the first gill-slit of the right side. The first gill- 
slit of the left side arises ventrally by a perforation betwee/i the gut 
and the ectoderm, and it moves up the right side of the body, opposite 
the mouth. Behind this slit, about a dozen more are formed ventrally, 
and likewise move up the right side, although they are destined to 
become the left gill-sUts eventually. This series is known as the 
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Figurc 71. Amphioxus: a scries of larvrc showing the development of the 
mouth, gill-slils and cndostyle. 

A» anterior end of a larva with one (the first) primary gill-slit (p 1) seen from 
the right side; n, club-shaix'd gland; en, endostyle; nc, nerve-cord; pp, preoral 
pit. B, stage with three primary giU-slits (p 1, p 2, p 3), seen from the right side; 
the mouth (//i) is seen through the body by transparency; w, notochord. C, stage 
with six primary gill-slits seen from the left side (the gill-slits arc seen by trans- 
parency); i\ cyc-spot. O, stage with eight primary gill-slits, seen from the right 
side; the club-shaped gland is disappearing {dcs). K, stage in which the secondary 
gill-slits have appeared (s 1, s 5); the lirst primary gill-slit has disappeared 
and the first secondary gill-slii is opposite the second primal ; the 
cndostyle is beginning to grow back between the primary and sc'condary gill-slits; 
the primary gill-slits arc beginning to move down from the right side across the 
ventral side to the left side. F, critical stage with 8 pairs of gill-slits, s>mimetrically 
arranged; tongue-bars (tb) arc growing down and dividing all the gill-slits except 
the most anterior; wo, wheel-organ. 
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primary gill-slits. These slits correspond with the segmentation of 
the body at this stage; but this correspondence is lost later on. 

The definite gill-slits of the right side, or secondary gill-slits, arise 
later than the primary, and above them on the right side to the 
number of eight. The most anterior secondary slit corresponds to 
the second primary slit, which is what would be expected if the club- 
shaped gland is really the first right gill-slit, corresponding to the 
first primary gill-slit. 

In front of the club-shaped gland, there arises a thickening of the 



Figure 72. Amphioxus: transverse sections through larvae showing the 
development of the atrium. 

A, early stage in which the coelom (c) is still large, and the atrial cavity (a) is 
small. B, later stage; ep, epipleural folds ;/r, fin-ray box; g, gut; m, myotome; 
mp, metapleural fold; /i, notochord; nc, nerve-cord. 

wall of the gut consisting of a strip of ciliated and glandular cells. 
This is the rudiment of the endostyle. It becomes V-shaped with the 
apex pointing backwards, and this apex grows backwards as a 
double strip along the wall of the pharynx on the right side above 
the primary slits and below the secondaries. It is as if the morpho- 
logically midventral line of the larva in the region of the pharynx 
were displaced up on to the right side. Soon the primary slits move 
round to the left side, the endostyle assumes a midventral position, 
and the secondary slits on the right side correspond more or less 
symmetrically with the primaries on the left. The first primary (left) 
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gill-Ulit, and the clul>shapcd gland disappear, and the number of 
slits on each side is regulated to eight by the disappearance of the 
posterior primaries. After this stage, more and more gill-slits are 
formed symmetrically on both sides, and the segmental correspon- 
dence is lost. 

All the gill-slits except the anterior pair become subdivided into 
two by the downgrowth of the secondary or tongue-bars. The per- 
foration of the gill-slits naturally obliterates the coelomic cavity at 
the place of perforation; the coelomic cavity is therefore restricted 
to the primary bars between the gill-slits, and to the dorsal coelomic 
canals above and the subendostylar coelom below. The tongue-bars 
have no coelomic cavity, being downgrowths across the openings of 
the gill-slits. It is because of this difference in method of formation 
between the primary bars and the tongue-bars, that in the adult 
the former contain a portion of coelomic cavity and the latter do 
not. 

During the rearrangement of the gill-slits, the mouth moves round 
to the anterior end. Its aperture decreases in size as its margin grows 
in all round to form the velum. 

Folds of the skin give rise to the oral hood, in the roof of which 
the preoral pit finds itself. The latter flattens out, and its cells give 
rise to the wheel-organ, or ciliated organ of Muller. 

THE ATKIUM. — fhc ati ium arises as a pair of ventral longitudinal 
folds, the metaplcurs. These folds pass on each side of the region of 
the gill-slits, which come to be situated between them. From each 
fold, a median shelf or cpipleur extends and meets its fellow from 
the opposite side, thus enclosing a part of the outside world as the 
cavity of the atrium. The cavity is completely closed in front; behind 
it reniaim; in communication with the exterior by the alriopore. The 
atrium is lined throughout by ectoderm. 

The nephridia arise as little blind sacs eventually connecting with 
the exterior, at the top of each gill-slit (before the formation of the 
tongue-bars, so ihat in the adult there is a nephridium to every two 
gill-shts). Hatschek's nephridium arises as a small tube near the 
prcoral pit, hut in the adult its opening leads into the pharynx just 
behind the mouth. 

4 

Primitive features in the development of Amphioxus: 

Cleavage total ; 

Gastrulation with invagination; 

All mesoderm segmented; 

Fntcroccelic pouches. 
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CHAPTER XU 


DEVELOPMENT OF RANA (THE FROG) 

FERTILISATION— The egg contains a large quantity of yolk, which 
is aggregated at the vegetative pole. This pole is light in colour when 
seen from outside, whereas the opposite animal pole, and indeed the 
whole animal hemisphere, is darkly pigmented. The nucleus is near 
the animal pole, which is determined in the ovary, probably by the 
orientation of the developing egg to the little arteries and veins. 

The egg is surrounded by three membranes. The inner vitelline 
membrane is secreted by the egg itself. Outside this is a tough mem- 
brane formed by the follicle-cells which surround the egg in the 
ovary. Outside this again is a coating layer of jelly which is secreted 
by the glands of the wall of the oviduct, as the egg passes down the 
latter on its way to the exterior. 

At the time of spawning, the males climb on to the backs of the 
females, and as the latter extrude the eggs from their cloacal aper- 
tures, the former shed the sperm over them. Fertilisation thus takes 
place in the water outside the bodies of the animals. One polar body 
has been extruded before the egg is laid, the second polar body is 
pushed out after penetration of the sperm, and the egg- and sperm- 
pronuclci then fuse. 

The jelly swells out on contact with the w'ater, and after fertilisa- 
tion the vitelline membrane becomes lifted off from the surface of 
the egg. The egg is then able to rotate, and comes to rest with the 
axis vertical, i.e. the vegetative pole with the heavy yolk is turned 
downwards. 

The point of entrance of the sperm determines the median plane 
of symmetry of the future embryo, and, soon after fertilisation, this 
is indicated by the formation of the grey crescent (due to the retreat 
of pigment into the egg) at the point diametrically opposite to that 
at which the sperm entered. The egg can now be orientated with 
regard to the axes of the future embryo. The animal pole will become 
the head, and the vegetative pole the tail; the grey crescent marks 
the future dorsal side, and the opposite side (where the sperm 
entered) will be ventral. 

CLEAVAGE.— Cleavage in the frog's egg is total, but the size of 
the various blastomeres is very unequal, owing to the large quantity 
of yolk. The cells at the vegetative pole are much larger (and fewer 
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in number) than those at the animal pole. The blastocoel is small, and 
situated nearer to the animal than to the vegetative pole. The 
blastula is now a hollow ball, but the hollow is small and its walls 
are several layers thick. 

Although the distinctions between them are still invisible, the 
demarcations between the zones which will give rise to the different 
parts of the embryo can be projected on to the blastula as a sort of 
map of the presumptive fates of the different zones. This means that 



C D 


Figure 73. Egg of Rana temporaria (common frog) before and after 
fertilisation, showing the formation of the giey crescent. (From 
Jenkinson.) 

A and B seen from the side; C and D seen from below; A and C before and 
B and D after fertilisation. The animal hemisphere is pigmented, the vegetative 
hemisphere is light in colour. 

the materials for the whole embryo are already present at the 
blastula stage and require translocation, stretching and other move- 
ments in order to reach their definitive positions. These movements 
constitute the processes of gastnilation and of the formation of the 
neurula. 

GASTRULATiON. — The cells of the animal hemisphere (which are 
darkly pigmented) are relatively free from yolk, and therefore divide 
faster than the larger light-coloured yolk-laden cells of the vegetative 
hemisphere. One result of this is that the animal-pole cells begin to 
grow down over the lighter-coloured cells. This process starts by the 
6— V.Z. 
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formation of a lip of overgrowth in the centre of the grey orient, 
forming the dorsal lip of the blastopore. Underneath this lip is a 
groove formed by the cells tucking in, and once they have tucked in 



A B 



E F 

Figure 74. Foimation and closure of the blastopore during gastrulation 
in Rana, seen from below. (From Jenkinson.) 

In A the dorsal lip of the blastopore has just appeared; in B the lateral lips 
have extended, and they almost meet in C; in D the \entral lip of the blastopore 
(which is now a complete circle) has been formed; and the diameter of the 
blastopore deceases in L and F. 

the cells move towards the animal pole on the inner surface of what 
is now the outer layer. The lips of the blastopore extend right and 
left from the site of its first appearance. At the same time the edge 
of overgrowth moves down towards the vegetative pole, and more 




Figure 75. The process of gastrulation in Rana as shown by sagittal 
sections. (Partly after Spemann). 

In A the dorsal lip of the blastopore has just appeared, and in B a definite 
ingrowth is visible resulting in the formation of the archentcron; in C the ventral 
lip of the blastopore has appeared, and the yolk-containing cells of the vegetative 
hemisphere project through the now circular blastopore as the yolk-plug; in D 
the arcbenteron has extended greatly at the expense of the blastocoel, which is 
almost obliterated. E is a transverse section showing how the wall of the archen- 
tcron forms the notochord, mesoderm and endoderm ; F, longitudinal section 
through a neurula. 

0, arehenteron; ap, animal pole; b, blastoccel; bl, blastopore ; br, brain; dl, 
doi^ lip of blastopore; m, mesoderm; n, notochord; nec, neurenteric canal; np, 
ocuropore; sel spinal cord; v/, ventral lip of blastopore; yc, yolk-cells; yolk- 

pin*- 
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and more of the lighter-coloured cells become covered over by the 
overgrowing darker ones. Eventually the two horns of the lip of the 
blastopore meet on the ventral side, and the blastopore is then a 
closed ring, formed by overgrowing dark cells, and beneath which 
the tucking-in takes place. This tucking-in is most active on the 
dorsal side. The groove sinks deeper and deeper into the embryo, as 
the ingrowing cells push farther and farther towards the animal pole 
beneath the superficial layer. The groove represents the cavity of the 
archenteron, largely filled up by the yolk-cells of the vegetative pole, 
which arc visible inside the rim of the blastopore. The cavity of the 
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Figure 15a, Presumptive fates of regions in the amphibian egg. (After 
W. Vogt, R. G. Harrison, and P. Ford.) 


blastococl becomes reduced and obliterated as the cavity of the 
archenteron increases and gastrulalion proceeds; and the yolk-laden 
cells of the vegetative pole come to lie on the ventral side of the 
archenteron. 

As the blastopore approaches the vegetative pole its diameter 
decreases, until, when it reaches it, it is a small spherical hole with 
yolk-cclls showing through as the so-called yolk-plug. 

The processes of gastrulalion therefore entail overgrowth or epiboly, 
and invagination; and take the form of mass-movements of zones of 
cells. The invagination cannot take place simpl\ , as in Amphioxus^ 
owing |o the large quantity of yolk present, and it is more in the 
naturc|pf an ingrowth. At all events, the result of gastrulalion is the 
same: |Lhc conversion of the single-layered hollow ball (blastula) into 
a doulie-laycred sac (gaslrula); the outer layer (ectoderm) is formed 
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of the cdis of the animal hemisphere and those which have grown 
over; the inner layer (future endoderm and mesoderm) is formed of 
the cells which have grown in, and of the yolk-laden cells of the 
vegetative hemisphere. The latter form most of the ventral and the 
former most of the dorsal wall of the archenteron. The heaping up 
of the heavy yolk-cells at the ventral side causes the gastrula to 
rotate within its membranes, so that the former egg-axis lies more 




Figure 76. Transverse sections through the closed blastopore of Rana (A) 
and the primitive strciik of Callus (B). 

The groove between the fused lips of the blastopore of Rana is the remnant 
of the blastopore, and corresponds to the primitive groove (ps) of Callus, ec, 
ectoderm; en, endoderm; m, mesoderm; all of which are continuous with one 
another at the rim of the blastopore or primitive streak. 

or less horizontal instead of vertical; the ventral side now points 
downwards and the dorsal side upwards. 

Thus one of the results of gastrulation is the marshalling into 
position of the layers, the so-called germ-layers, out of which the 
various organs are formed. 

MESODERM AND NOTOCHORD. — ^Thc Wall of the archentcron 
contains the cells which are destined to give rise to the notochord 
and’’ to the mesoderm as well as to the endoderm. A strip of cells 
running along the middle line of the roof of the archenteron is the 
rudiment of the notochord, on both sides of which are the sheets of 
mesoderm. The mesoderm gives the appearance of splitting off 
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Figure 77. Transverse section through an embryo of Rana showing the 
distinction between the mesoderm (m) and the endodermal wall 
(en) of the gut (g). ec, ectoderm ; y, yolk-cells. Dorsally the ectoderm 
is thickening to form the neural folds inf). 



Figure 78. Transverse section through an embryo of Rana slightly older 
than the previous, showing the origin of the notochord (/?) from the 
middle line of the roof of the gut. The neural folds {ttf) have risen 
up and enclose a groove between them. 
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(by delamination) from the endoderm which forms the remainder of 
the wall of the archenteron. But, in fact, the rudiment of the meso- 
derm is distinct from that of the endoderm, even in the blastula. It 
is only because the mesoderm passes inwards over the rim of the 
blastopore at the same time as the endoderm becomes invaginated 
that it overlies and appears to arise from the latter. 

In fact, the notochord-and-mesoderm and the endoderm form tw^o 
cups, their openings facing each other, the former lying dorsally to 
or above the latter. Each cup then completes itself into a sphere. 



Figure 79. Transverse section through an embryo of Rana slightly older 
than the previous, showing the complete separation of the notochord 
(n) from the endodermal wall (en) of the gut (g). 

The coelom (c) has arisen as a split in the mesoderm (m), which forms a somite 
(ms) on each side of the notochord. The neural folds (nf) have closed over the 
groove converting it into the nerve-tube (nc), on each side of which are the 
neural crests (ncr). ec, ectoderm; y, yolk cells. 

The dorsal edges of the endoderm grow upwards and inwards, 
beneath the mesoderm and notochord, and fuse in the mid-dorsal 
line to form the roof of the gut-cavity. At the same time the ventral 
edges of the sheets of mesoderm grow downwards, between the 
ectoderm and endoderm, and eventually meet in the midventral line. 
A split arises within the mesoderm itself, dividing it into an inner 
splanchnic layer which covers the endoderm, and an outer somatic 
layer which lines the ectoderm. This split is the coelomic cavity. 

NEURULA. — As a result of the inducing action of the underlying 
notochord and mesoderm, the ectoderm along the dorsal side 
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thickens to form the neural plate. Longitudinal ridges arise on both 
sides of it, called neural folds, and they enclose a groove between 
them. This groove is wider in front, where the brain will be, than 
behind in the region of the future spinal cord. Posteriorly the neural 
folds embrace the blastopore. As the neural folds rise up they arch 
over the groove which becomes converted into a tube of which the 
anterior four-fifths becomes the definitive nerve-tube. The posterior 
one-fifth of the neural folds gives rise to the mesodermal somites of 
the tail. During this time the embryo becomes elongated by stretching 



J^igurc 80. Sagillal section through an embryo of Rana, 

o, anus; /», brum: j?, gui, //, hypophysis; Ar, heart; /, liver; n, notochord; 
jc, nerve- (spinal) cord; y, yolk-cclls. 


and is now known as a neurula. A continuation of this process of 
stretching on behalf of the ncr\c-tube and the notochord leads to 
the projection backwards and upwards of the tail; the tip of the tail 
corresponding to the boundary between the anterior four-fifths and 
the posterior one-fifth of the neural folds. It used to be thought that 
there w^as a “tail-bud’’ which produced the material for the tail. 
This is now known to be not the case; the materials of which the tail 
is composed are all present in the neurula and get into place by 
stretching. 

The lateral part of the thickening which gave rise to the neural 
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plate docs not get folded into the nerve-tube when the neural folds 
meet It lies just to the side of the point of fusion of the neural folds, 
and forms the neural crest. The cells of the neural crest have the 
most diverse of fates. They migrate nearly all over the body; some of 
them are destined to give rise to the afferent sensory nerve-cells, 
whose cell-bodies form the ganglia on the dorsal roots of the nerves; 
others give rise to the sheath-cells on the nerves; others again pro- 
duce pigment-cells, mesenchyme cells in the gills, and, most remark- 
able of all, odontoblasts for the teeth, chondroblasts for the cartilages 
of the visceral arch skeleton, and osteoblasts for some of the dermal 
bones of the jaws. The neural crest cells from which this strange 
assortment of different structures arise, are collectively known as 
ectomesenchyme, to distinguish them from mesenchyme cells, which 
are of mesodermal origin. 

SEGMENTATION. — The mesodemi on each side of the nerve- 
tube and notochord becomes thickened and divided into blocks, 
which are the somites from which the myotomes develop; they arc 
metamerically segmented. This segmentation begins anteriorly and 
proceeds backwards; but it does not affect the more ventrally 
situated mesoderm. Whereas the dorsal portion of the coelom ic cavity 
(on a level with the myotomes) is interrupted by transverse septa 
separating the mesodermal somites from the somites in front and 
behind, and consists of a number of myocoels equal to the number of 
somites, the ventral portion of the coclomic cavity is continuous and 
uninterrupted by septa. 

The segmented region of the mesoderm is called the vertebral 
plate, the unsegmented portion is the lateral plate. Between each 
somite and the lateral plate immediately below it is a small region of 
segmented mesoderm known as the intermediate cell-mass, or 
nephrotome. From these structures the tubules of the kidneys will 
arise, and they are therefore also segmental. Eventually, the vertebral 
plate separates completely from the lateral plate, and the myotomes 
grow down in the body-wall lateral to the splanchnococl to give rise 
to the muscles of the ventral surface, of the limbs, and the hypo- 
glossal musculature beneath the mouth. 

Muscles formed from myotomes are always innervated by ventral 
nerve-roots, and as the myotomes are segmental, the ventral nerve- 
*roots which grow freely out from the nerve-tube are segmental also. 
Further, the neural crest becomes subdivided into pieces corres- 
ponding to the myotomes; these are the rudiments of the dorsal- 
root ganglia. The cells in these ganglia develop one process which 
grows into the nerve-tube, and another which pushes out to its desti- 
nation in the body. These dorsal nerve-roots are therefore segmental 
also. 

6 * 
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Mtdially to the myotomes, cells are proliferated by the somites 
to form clouds of mesenchyme surrounding the nerve-tube and noto- 
chord. These cells are the sclerotomes (likewise segmental) from 
which later on the vertebrae are developed. 

Another instance of segmentation will be seen in connexion with 
blood-vessels, which run transversely in the septa between adjacent 
segments. Although in the adult animal much of this segmentation 



Rana showing ihc origin of the older than the previous, showing 
kidneys. the formation of the kidneys and 

the lungs. 

The section passes through the transverse septum across which the ductus 
Cuvicri lead from the carvlinal veins to the heart, c, coelom dorsal to the trans- 
verse septum; c\\ cardinal vein; dC, ductus Cuvieri; g, gut; gl, glottis; icm, 
inlemiediaic celUinass or nephrotome; /, lung; IJa, lateral dorsal aorta; Ir, liver; 
wi, mesoderm; my, myotome; n, notochord; nc, nerve-cord; ncr, neural crest; 
w/, ncphrococl; pt, proncphric tubules; 5 /j, splanchnocal; y, yolk-cells. 

is obscured and modified, it is important to note that in development^ 
metameric segmentation is as well marked as in Amphioxiis^ except 
for the splanchnoccEl. As in invertebrates, segmentation begins with 
the mesoderm and extends to the other tissues. 

THE GUT,— The gut is a ca\ity with an accumulation of yolk- 
cells in the hinder part of its floor. This posterior region will become 
the intestine, and in front of it will develop the pharynx, oesophagus, 
and stomach. After the blastopore has closed, the anus breaks 
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through near the saxiad spot, as a result of the sinking in of an ecto- 
dermal pit (the proctodffium) till it meets the endoderm, and per- 
foration ensuing. In a similar way, the mouth perforates in fronts 
at the bottom of an ectodermal pit (the stomodaeum). 

Behind the mouth, in the region of what will be the pharynx, five 
pouches grow out on each side from the endoderm to the ectoderm. 
These are the rudiments of the visceral clefts. The first pair corres- 
ponds to the spiracles of the dogfish, but here they do not become 
perforated to the exterior. Their cavities persist as the Eustachian 
tubes. The remaining four pairs of pouches become the gill-slits, 
through which the pharynx communicates with the exterior. 

Alternating with the visceral clefts are the visceral arches. The 1st 
or mandibular arch separates the mouth from the Eustachian tube 
(or hyomandibular cleft); the 2nd (or hyoid arch) is between the 
latter and the 1st gill-slit. The 6th visceral arch is behind the 4th 
gill-slit. 

From the upper part of the 3rd, 4th, and 5th visceral arches, tufts 
grow out on each side which will become the external gills; blood- 
vessels enter them, and they serve as the first respiratory organs. 
The dorsal part of the 1st gill-pouch on each side proliferates to 
form a body which is the rudiment of the thymus gland. 

In the floor of the pharynx between the 2nd gill-slits, a down- 
growth is formed, which ultimately loses its connexion with the 
pharynx and forms the thyroid gland. Close to the point of origin of 
the throid gland is an elevation which will eventually give rise to the 
tongue. A little farther back, also in the middle line of the floor of 
the pharynx, the rudiment of the larynx appears as a groove. This 
deepens into a tube remaining in connexion with the pharynx through 
the glottis. From the posterior end of the larynx, the lungs develop as 
sacs stretching back parallel to the oesophagus on each side. 

The liver arises as a ventral outgrowth of the floor of the gut, just 
in front of the mass of yolk-cells, and extending back beneath them. 
Part of the cavity of this diverticulum becomes the gall-bladder, and 
the open connexion with the rest of the gut persists as the bile-duct. 
Close to this point, the pancreas arises as a number (three) of out- 
growths, which remain connected with the gut by the pancreatic duct. 

The cavity of the intestine is still small owing to the presence of 
the yolk-cells. After hatching, this yolk becomes absorbed and the 
intestine elongates very much, becoming coiled like a watchspring. 
Behind the intestine is the region of the gut which will become the 
rectum and cloaca. A downgrowth from the latter gives rise to the 
urinary bladder. 

During this time, the right and left splanchnoccelic cavities have 
applied their outer (or somatic) layer to the body-wall, and their 
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inner (or splanchnic) layer to the endoderm of the gut and all its 
derivatives. Ventrally, most of the membranes forming the separation 



Figure 83. Horizontal section through the head of a tadpole of Rana, 
showing the formation of the visceral clefts (gill-slits). 

/>!,/) 3, b 4, h 5, h (>, blood-vessels running in the first, third, fourth, fifth, 
and sixth visceral arches (the vessels in the third and fourth arches will become 
the carotid and systemic arches rcspcciively); c-g, external gills; r, infundibulum 
(floor of the forehrain); /r, internal carotid artery; n, nasal sac; oe, oesophagus; 
pd^ proncphric duct; /v, proncphiic funnel; sp, splanchnoccel ; vr, 1 to 5, first 
to fifth visecnil cleft (the first will give use to the Eustachian lube); V, VII, IX, 
branches of the trigeminal, facial, and glossopharyngeal nerve, running in the 
first, second, and tiiird visceral arches respectively. 

between the right and left splanchnocadic cavities break down; but 
dorsally these walls persist, forming the dorsal mesentery. This 
mesentery is composed of two closely apposed layers of c celomic 
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epithelium spreading round the gut and suspending it. It may be 
noticed, therefore, that the gut is n5t strictly in the coelomic cavity 
at all; it merely hangs in a fold of ccelomic epithelium which bulges 
into the coelomic cavity. From the cells of this splanchnic layer are 
developed the smooth muscles of the stomach, intestine, and bladder. 

BLOOD-VESSELS. — Beneath the floor of the gut, and between it 
and the underlying splanchnic layer of coelomic epithelium, there are 
some scattered mesoderm-cells which become arranged in the form 
of a tube, or subintestinal vessel. In the region of the pharynx, this 
tube forms the endothelial lining of the heart. The coelomic epithe- 
lium (splanchnic layer) surrounds this tube and suspends it as it 
were in a little mesentery of its own from the floor of the pharynx 
(the dorsal mesocardium). The musculature of the wall of the heart 
is derived from this layer of coelomic epithelium, and that part of the 
splanchnocoel in which the heart finds itself is now called the peri- 
cardium. Later on, the various parts of the heart are diflerentiated. 
Posteriorly, the heart is continuous with two tubes, the vitelline 
veins, which run from the yolk-cells and the rudiment of the liver. 

The dorsal aorta arises as a pair of longitudinal vessels, close 
beneath the notochord. The two remain separate anteriorly, as the 
lateral dorsal aortae and their prolongations into the head, the 
internal carotids. Behind, they join and fuse together along the whole 
of the rest of the body, forming the single dorsal aorta. 

Beneath the pharynx, the heart communicates forwards with the 
ventral aorta. In each of the 3rd to 6th visceral arches, between the 
gill-slits, a vessel appears which communicates below with the ven- 
tral aorta and above with the lateral dorsal aorta of its own side. In 
this way the series of pairs of aortic arches arise, alternating with 
the gill-slits. When the capillaries of the gills arise, they connect with 
the aortic arches which become interrupted. There are now afferent 
branchial arteries carrying blood from the ventral aorta to the gills, 
and efferent branchial arteries connecting the gills with the lateral 
dorsal aorta. Rudiments of aortic arches appear in the mandibular 
and hyoid arches. 

The dorsal aorta sends arteries to the gut, which they reach by 
passing down between the two layers which form the dorsal mesen- 
tery. 

The arteries become surrounded by coats of smooth muscle. Of 
the veins, the posterior cardinals arise near and parallel to the dorsal 
aorta. Their anterior prolongations are the anterior cardinal veins 
which run one on each side of the brain, and which, later on, con- 
tribute to the formation of the internal jugulars. At this period, 
the pericardial cavity is open posteriorly and communicates with the 
general perivisceral splanchnocoel. In the region of the heart, the 
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veins develop just in this region, the tubules are as it were bathed in 
the venous spaces. At the same time, capillaries grow out from the 
dorsal aorta forming the glomus, which projects laterally towards 
the openings of the coelomostomes from the mesentery, on each 
side. 

The pronephros is the functional kidney of the embryo and early 
larva. Later on, however, it degenerates, and its function is taken 
over by another set of coelomic funnels and tubules, which together 
form the mesonephros. 

The mesonephros is developed from the nephrotomes of half a 
dozen segments, some little distance behind the pronephros. Cavities 
hollow out in the nephrotomes, and these connect with the splanch- 
nocoel by coelomic ciliated funnels, and by coiled tubules with the 
pronephric duct. The latter loses connexion with the degenerating 
pronephros, and, after being tapped so to speak by the mesonephric 
tubules, it is known as the mesonephric or Wolffian duct. 

The tubules multiply by branching, and form little chambers or 
Bowman’s capsules which lose their connexion with the coelomic 
funnels. Arterioles from the dorsal aorta and venules from the 
posterior cardinal veins form little bunches of capillaries which 
project into the capsules forming glomeruli. Capsule and glomerulus 
together form a Malpighian corpuscle. That portion of the posterior 
cardinal veins which lies behind the mesonephros becomes the renal 
portal vein, which brings blood from the posterior regions of the 
body to the kidneys. The mesonephros is the functional kidney of 
the adult. It extracts excretory matter from the blood stream and 
passes it down the Wolffian duct to the cloaca, which develops a 
ventral outpushing, the urinary bladder. 

REPRODUCTIVF ORGANS.-— The gonads arise as ridges which 
project into the splanchnococl on each side of the dorsal mesentery. 
The germ-cells w'hich they contain are derived partly from the 
coelomic epithelium in situ, and partl> from cells which have migrated 
up in the mesentery from the yolk-mass. For a long time the sexes 
are indistinguishable. Strings ot germ-cells grow in, away from the 
surface of the gonads, forming (he genital strands. In embryos which 
arc going to be males these hollow out, forming the seminiferous 
tubules which become connected with the cavities of the tubules of 
the mesonephros. In this way the \asa efferentia are formed, and 
they may be regarded as persistent coelomic funnels, placing the 
testis in communication with the exterior (via the cloaca). The 
sperms therefore make their way through the tubules of the mesone- 
phros, down the Wolffian duct or \as deferens as it can also be called, 
to the exterior. 

The Mullerian ducts develop as grooves in the roof of the splanch- 
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nocoel at the side of the gonads. The sides of the groove grow over» 
and convert it into a tube which opens into the c celomic cavity in 
front (near the place where the pronephric funnels were), and grows 
back to open into the cloaca behind. In males the Mullerian ducts 
disappear. 

The kidneys and gonoducts are mesodermal all the way, and are 
really coelomoducts, whose primitive function is probably to connect 
the coelomic cavity with the exterior and so allow the germ-cells to 
escape. They take on the function of excretion as a result of the 
proximity of the tubules to the blood-vessels. 

On the other hand, the nephridia have excretion as their primitive 
function; they do not occur in Chordate animals other than 
Amphioxus. 

PAIRED SENSE-ORGANS AND BRAIN. — The eyes make their 
appearance as outpushings from the sides of the brain, forming the 
optic vesicles. Each of these vesicles grows towards the overlying 
ectoderm, and becomes an optic cup, with the concave side turned 
outwards. As a result of the inducing action of the optic cup, the 
lens is formed from the ectoderm overlying the optic cup, as a little 
vesicle which soon becomes nipped ofi‘, and sinks into place at the 
mouth of the cup. While the cup is really part of the brain, the lens 
is part of the epidermis, but both arc ectodermal. The outer lining 
of the cup forms the pigment or tapetum layer; the inner lining of 
the cup differentiates to form the sensitive retina, and it is inverted 
since the nerve-fibres run between the sensitive cells and the seen 
object (see p. 19). Outside the tapetum, mesodermal tissue gives rise 
to the choroid and sclerotic (including the transparent cornea) layers, 
just as round the brain it forms the pia mater (vascular) and dura 
mater (protective). The superficial epidermis immediately overlying 
the cornea and lens becomes thin and transparent, forming the con- 
junctiva. The extrinsic eye-muscles arise from mesodermal tissue 
which represents the three first somites of the head. 

The ears arise as a pair of ingrowths from the ectoderm behind 
the eyes, forming the auditory vesicles. Their connexion with the 
ectoderm becomes severed and the remains of the connecting stalk 
is the ductus endolymphaticus. Each vesicle now forms a closed sac 
at the side of the hinder part of the brain, and above the tympanic 
cavity, which develops as an expansion of the hyomandibular visceral 
pouch (Eustachian tube). From the dorsal portion of each vesicle 
three shelf-like projections are formed. The centre of each shelf 
becomes perforated, converting the shelf into a half-ring. In this way 
the semicircular canals are formed. The cavity of the auditory sac 
contains endolymph. Between the wall of the sac and the capsule of 
connective tissue which surrounds it, is the perilymph. The capsule 
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eventually becomes cartilaginous, and later on, bony; but certain 
apertures are left. One of these is the fenestra rotunda, and another 
iS the fenestra ovalis on to which the base of the columella auris fits. 
The outer end of the columella auris is applied to the thin lateral 
wall of the tympanic cavity which forms the tympanic membrane. 




Figure 85. Tians\ersc sections through the head of embryos of Rana 
showing the development of the eyes. 

A. carlv siagc, in which iho optic vesicles (ev) have been pushed out on each 
side from the foicbrain { fb). B, the outer walls of the optic vesicles have been 
pushed in, con\crtnig them into optic cups the lens (/) arises opposite the 
mouth i>f the optic cup fiom <hc ectoderm (rc). C, late stage; the cavity of the 
optic vesicle has been almost obliterated, the lateral layer of the optic cup is the 
retina (r) and the median layer is the pigment layer (p/), the stalk attaching the 
optic cup to the foicbrain is the optic ncr\c ((?«), the lens has become detached 
from the ectoderm. 


It may be mentioned here that, remarkable as it may seem, the 
ears arc responsible for the formation of the so-called calcigerous 
glands, or glands of Swammerdamm, These glands are conspicuous 
objects in the trunk of the frog, lying on each side of the vertebrae, 
close to the points of exit of the spinal nerves. Diverticula from the 
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auditory vesicles grow into the brain-case, and back down the canal 
formed by the vertebrae and which contains the spinal cord. From 
here, the diverticula of the auditory vesicle emerge through the foit^- 
mina for the spinal nerves and give rise to the glands of Swammer- 
damm (function unknown). 



V5 


Figure 86. Transverse section through an embryo of Rana showing the 
formation of the cars. 

arty auditory nerve; av, auditory vesicle; bv, blood-vessels running in the 
visceral arches; eg, external gills; g, gut; h, heart; hb, hindbrain; w, notochord; 
p, pericardium; ta, truncus arteriosus; v\y, ventral sucker. 


The olfactory organs arise as a pair of thickenings of the ectoderm, 
which sink in to form pits just above the mouth. The cells lining 
these pits will give rise to the olfactory epithelium. Behind, the pits 
reach the roof of the mouth and break through, forming the internal 
nostrils. 

The various regions of the brain are roughly marked out even 
before the neural folds have closed over. The definitive form of the 
brain is soon reached by means of foldings and thickenings of its 
walls in certain places. 
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A median ectodermal inpushing arises from the epidermis of the 
front of the head, just above the mouth. This is the hypophysis 
which grows back beneath the floor of the fore-brain until it meets 
and fuses with the infundibular downgrowth from the brain. Hypo- 
physis and infundibulum together form the pituitary body. 

PLACODES AND LATERAL-LINE ORGANS. — ^The dorsal nerves 
and ganglia in the region of the trunk consist of nerve-cells which 
have been derived entirely from the neural crests. In the region of 
the head, the dorsal nerve-ganglia are derived not only from the 
neural crest, but also from thickenings of the ectoderm at the sides 
of the head called placodes. Placodes are proliferations of the deeper 
layers of the epidermis which contribute cells to the underlying 
ganglia. The profundus, trigeminal, facial, glossopharyngeal and 
vagus ganglia all derive cells from the epidermis in this way, and the 
auditory nerve is formed from the placode which invaginates with 
the auditory sac. Indeed, the thickenings of the epidermis which 
later become pushed in to form the olfactory sacs, the lens, and the 
auditory sacs, may themselves be regarded as placodes. 

There arc two kinds of placodes: an upper row of dorso-lateral 
placodes which give rise to the lateral-line sense-organs and to the 
nerve-cells whose fibres innervate them; a lower row of epibranchial 
placodes situated at the dorsal ends of the visceral slits, and which 
give rise to the nerve-cells whose fibres innervate the sense-organs of 
taste. 

SYMPATHETIC SYSTliM AND ADRENALS. — Thc dorsal ncrVC- 
root, formed by fibres which have grown out from cells in the dorsal- 
root ganglion, and thc venlral nerve-root which has grown out from 
thc spinal cord, join to form a mixed nerve. Certain cells migrate out 
from the spinal cord, and, leaving thc mixed nerve, make for the side 
of the dorsal aorta where they form the sympathetic ganglia. These 
ganglia remain connected with the mixed nerve by the rami communi- 
cantes. The sympathetic ganglia are, like thc mixed spinal nerves, 
scgmcntally arranged. They soon become connected by fibres run- 
ning to thc sympathetic ganglia in front and behind them forming 
the sympathetic trunks. ITom thc sympathetic ganglia, “post- 
ganglionic'' fibres are distributed to thc smooth muscles of the gut, 
oviducts, and blood-vessels. Other cells migrate out from the sym- 
pathetic ganglia, and give rise to the medulla of the adrenal bodies. 
The cortex of these bodies is derived from the corlomic epithelium 
in the region between the mesonephric kidneys. 

It may be mentioned that cells migrate out from the hind-brain 
along the vagus and eventually come to he on the surface of the heart 
and gut. forming part of thc parasympathetic system. 

SKELETON. — Most of the cartilaginous skeleton arises from 
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mesenchyme cells derived from the sclerotomes, and therefore of 
mesodermal origin. But the cartilages of the trabeculae and of the 
visceral arch skeleton are formed from ectomesciichyme cells derived 
from the neural crest. The vertebral column arises in the form of 
paired cartilages beside the notochord, derived from the sclerotomes. 
Each vertebra arises opposite the septum separating two segments; 
the vertebrae are therefore intersegmental in position. 

In the skull, paired trabeculae arise as struts underlying the fore- 
brain, and, behind them, paired parachordals flank the notochord. 
The pterygo-quadrate or skeleton of the upper jaw arises early, and 
fuses on to the remainder of the skull by its ascending process. The 
auditory sac becomes surrounded by a cartilaginous capsule which 
gets attached to the parachordals on each side. Similarly, nasal 
capsules surround the olfactory sacs and become attached to the 
front of the trabeculae. The floor of the skull is established in this 
way, and the sides and roof develop later. 

In each of the visceral arches separating the gill-slits, cartilaginous 
struts develop. In the mandibular arch, these arc the pterygo- 
quadrate, and Meckel’s cartilage which forms the lower Jaw. The 
dorsal portion of the skeleton of the 2nd or hyoid arch forms the 
columella auris. The cartilages of the remainder of the arches 
eventually form a plate beneath the floor of the mouth and pharynx, 
and which by raising and lowering this floor assists in the process of 
respiration. The skeleton of the limbs and girdles docs not appear 
until a late stage of development. 

This cartilaginous skeleton is later on partly replaced by cartilage- 
bones, and in addition, membrane-bones are developed. 

Teeth arise late. In their formation, an ingrowth of ectoderm 
takes place inside the margin of the mouth, forming the enamel- 
organs of the teeth. These secrete a cap of enamel beneath which 
the odontoblasts (derived from the neural crest) produce the body of 
the tooth which is composed of dentine. Eventually the tooth is 
pushed up through the surface of the mouth and its base is attached 
to the bone of the jaw. 

EXTERNALS. — By the time that diflerentiation and the formation 
of organs have proceeded as far as has just been described, the 
embryo emerges from its membranes and hatches into a free- 
swimming larva which is familiarly known as the tadpole. Its ecto- 
derm is ciliated, and just beneath the mouth it has a V-shaped 
sucker by means of which it can attach itself to objects. Its tail 
elongates and develops dorsal and ventral extensions or fins, which 
make it a very efficient organ for swimming. Its food consists of 
vegetable matter, its stock of yolk being by now used up. Food is 
seized by the edges of the mouth or lips which arc assisted by horny 
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^idetmd teeth, whidh have of course nothing to do with the true 
teeth. 

From the sides of the head, folds grow back which cover over the 
gill-slits. The external gills disappear, and so-called internal gills 
develop in the walls of the gill-slits and subserve the function of 
respiration. The folds just mentioned form the operculum, which 
leaves only a small hole on the left side through which the water 
which passes through the gill-slits may escape. 

The organisation of the larva is just like that of a fish, and there is 
little indication of the frog into which it will develop. The changes 
which lake place in the conversion of the tadpole into the frog are 
known as metamorphosis. 

Min AMORPiiosis. — ^The chief differences between the organi- 
sation of the tadpole and that of the frog concern the limbs, lungs 
and pulmonary respiration, intestine, tongue and tail. 

The limbs arise as buds in tadpoles about half an inch long, and 
muscles grow into them from the myotomes. The buds of the fore- 
limbs arc, however, concealed beneath the operculum, and are there- 
fore invisible. Those of the hind-limbs arc situated at the base of the 
tail, on each side of the cloaca. In time, the fore-limbs grow out 
through the operculum, making use of the opening on the left side 
and making a new one on the right. Soon the limbs become visibly 
jointed and the toes appear. 

Meanwhile, the lungs are dc\ eloping, and to each of them there 
runs, a blood-vessel which is formed as a branch from the efferent 
artery of the last or 6lh arch. This \essel is the rudiment of the pul- 
monary artery. iTom time to time, the tadpole takes in a gulp of air 
at the surface of the water and tills its lungs. A certain amount of 
oxygenation of the blood now begins to take place in the lungs, and 
the gill-circulation bcctinics reduced by the establishment of direct 
connexions between the afferent and efferent branchial arteries. The 
gills therefore become “short-circuited”, and left out of the circu- 
lation gradually as more and more of the blood goes to the lungs to 
be oxygenated, and returns to the heart by the pulmonary veins. 
The now continuous vessel in the 3rd visceral arch becomes the 
carotid, that in the 4th becomes the systemic arch, that in the 5th 
disappears, and the 6th as already seen becomes the pulmonary. 
The lateral dorsal aorta between the dorsal ends of the carotid and 
systemic arches (the ductus caroticus) disappears, as also does the 
connexion between the pulmonary artery and the lateral dorsal 
aorta (ductus arteriosus, or BotalU). After this change, the organism 
is perfectly adapted to breathe in air after the manner of land- 
animals. 

The gills disappear; the gill-slits close up; the animal ceases 
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feeding, and tlie homy teeth drop ofiF. The thouth becomes wider and 
its angle moves farther back. The tongue develops, and the eyes 
become more prominent and bulge out from the top of the head. The 
lateral-line organs disappear and the skin is shed. Glands appear 
which will keep it moist on land. Internally, great changes take place 
in the intestine, which loses its watchspring-like coils, and becomes 
relatively much shorter. This is an adaptation to the carnivorous 
habits of the frog, for less surface is required for the digestion of a 
meal of animal food. Lastly, the tail becomes reduced and finally 
completely absorbed, its debris being ingested by wandering white 
blood-corpuscles, or phagocytes. 

This astonishing and comparatively rapid change is brought about 
by the secretion of the thyroid gland, which has been increasing 
until it reaches a size sufficient to “pull the trigger'’ of metamor- 
phosis. During the process of change, the weight of the body actually 
decreases, but after coming out on land and recommencing to feed, 
the size of the young frog increases. 

In some newts, metamorphosis fails to take place, and the 
animals become mature in a larval condition with open gill-slits, 
median fins, etc., living in water. I'his condition is known as 
neoteny. 
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CHAPTER XlII 


DEVELOPMENT OF CALLUS (THE CHICK) 

FERTILISATION.— The true egg of the hen is all that is contained 
within the membrane that just surrounds the yolk. It is therefore of 
relatively enormous size for a single cell, and this is due to the very 
large quantity of yolk which it contains. The pure protoplasm, of 
which there is comparatively little, is situated at the animal pole, 
which is the point at which the follicle-stalk is attached to the ovary. 
The egg is surrounded by the vitelline membrane which it has 
secreted and which thickens to form the zona radiata, perforated by 
numerous holes through which nutriment is passed to the egg from 
the surrounding follicle-cells. This is a primary membrane. The egg 
bursts out of its follicle into the cadom, and the follicle is left behind. 
There is therefore no secondary membrane. The nucleus has grown 
to a very large size, and the first polar body is formed inside the 
mouth of the oviduct, which as it were grasps the follicle containing 
the egg before the latter has left the ovary (or been “ovulated”). 

Sperms are introduced into the cloaca of the female during 
copulation, and they make their way up to the top of the oviduct 
where several of them penetrate an egg. After the second polar body 
has been formed, one of these sperm-nuclei fuses with that of the 
egg, and the other sperms degenerate. 

The fertilised egg then begins to develop, and passes down the 
oviduct. The walls of the latter secrete the tertiary membranes round 
it in the form of a layer of albumen, an inner and an outer shell- 
membrane, a hard shell formed by depositing lime salts, and this in 
many birds is coated with a layer of pigment which gives the “egg” 
its characteristic colour and pattern. 

The egg goes down the oviduct with its axis transverse to the long 
axis of the oviduct, and it is rotated as it descends, with the result 
that the denser albumen at the two ends, in the axis of rotation, is 
spirally wound and forms the chalaza?. At the blunt end of the egg, 
the two slicll-mcmbrancs arc .separated by a space full of air, the 
air-chamber. 

CLEAVAGE.— Soon after fertilisation, the process of cleavage 
begins ; its early stages therefore take place w hilc the egg is descending 
the oviduct, and it has proceeded some way when the egg is laid. 
The amount of yolk compared with that of protoplasm is so big that 
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cleavage is incomplete, or meroblastic. While the small quantity of 
protoplasm at the animal pole divides into a number of cells arrange 
like a small disc or blastoderm on the top of the yolk, the latter is 
undivided. The margin of the blastoderm merges with the yolk 
round it, forming the periblast; and beneath the blastoderm is a 
cavity, the blastoccel, which separates it from the underlying yolk. 
This stage, when the blastoderm is but a single layer (though of 



Figure 87. Callus: view of the blastoderm of a hen’s egg. (After Jenkinson.) 

A after 12 hours’, B after 18 hours’ incubation, as seen by transmitted light, 
n, notochord; pa, proamnion; ps, primitive streak. 

many cells), represents the blastula of Amphioxus and the frog. As in 
the frog, the various zones which will give rise to the different parts 
of the embryo can be mapped out in accordance with their pre- 
sumptive fates and projected on to the blastoderm. The various 
zones have to undergo the translocations, stretchings, and move- 
ments that constitute gastrulation before they reach their definitive 
positions. 

GASTRULATION. — ^A layer of cells becomes split off from the 
under side of the blastoderm, between it and the underlying yolk. 
This layer soon extends over the under surface of the blastoderm 
and is known as the “lower layer”, or secondary endoderm. It is 
continuous with the upper layer all round the margin, and, like it, 
merges into the periblast. The blastoderm extends gradually over 
the yolk, and in so doing it forms a margin of overgrowth. In this 
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region, all-round the edge of the blastoderm (which is called the 
germ-wall), the protoplasm is thicker than in the centre. When 
therefore a blastoderm is looked at by transparency, two zones are 
distinguishable. Centrally there is a relatively clear area pellucida; 
and round the edge is a denser area opaca. The egg is usually at this 
stage when it is laid, some twenty-four hours after fertilisation. 

' A thickening of the upper layer of the blastoderm appears in the 
centre of the area pellucida, in the form of a straight band stretching 
; at right angles to the line passing through the pointed to the blunt 
end of the “egg”. This is the primitive streak, the first differentiation 



Figure S8. Callus: transverse sections through tlie primitive streak of the 
blastoderm of a hen's egg. (FYom Jenkinson.) 

A after 10 hours’, 11, after 15 hours' incubation. 11, lateral portion of the 
primitive streak coriesponding to the lateral hp of the blastopore (r/. Fig. 76); 
nws, mesoderm; pd, endodcrni; .rp, primitive groove. 

of the embryo, which will be formed along its axis. When an observer 
holds an egg in front of him with the blunt end to the left, the axis 
of the embryo will therefore run straight in front of him, and the 
embryo is so orientated that its head is away from the observer, and 
its tail towards him. 

Running along the middle line of the primitive streak is a shallow 
groove on the surface, the primitive groove, which runs into a small 
depression at the front end of the primitive streak known as the 
primitive pit. Immediately in front of the primitive pit is a slight 
rise, forming the so-called primitive knot. Now the primitive knot 
is the dorsal lip of the blastopore, and the primitive streak represents 



Figure 89.— Callus: longitudinal sections through the primitive streak of the blastoderm of a hen’s egg. 

(From Jenkinson.) 

A after 10 hours’. B after 15 hours’ incubation, dl, primiUve pit, corresponding to the dorsal lip of the Wast<^ie; 
ndodeim; mes, mesoderm; nch, notochord. 
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.the latnal lips of the blastopore, fused together along their whole 
loigth. All that is left of the aperture of the blastopore is the primitive 
pit and the primitive groove. This is the condition of the blastopore 
of the frog after its aperture has become slit-like and closed by the 


hf 



Figure 90. Callus: view of the blastoderm of a hen's egg after 20 hours’ 
incubation, as seen by transmuted light. (After Jenkinson.) 

ao, area opaca: ap, area pcilucida; ii\\ area vasculosa; hf, head-fold; /», noto- 
chord; /{/', neural fold; pa, pioamnion; ps, primitive streak. 


apposition of its lateral lips. The chick therefore starts straight away * 
from the condition reached in the frog at the close of gastrulation. 

The primitive streak, like the lip of the blastopore which it is, is 
a region where the mesoderm becomes tucked in beneath the surface 
and extends to the side between the upper and lower layers. The 
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primitive knot tucks in tissue which gets pushed forwards under- 
ncath the upper layer in the middle line, and gives rise to the noto- 
chord. During development the primitive streak moves back along 



Figure 91. Callus: view of the blastoderm of a hen’s egg after 24 hours’ 
incubation, as seen by transmitted light. (After Jenkinson.) 

/g, forest; m, mesoderm; tm, mesodermal somites; np, neuroporc; 
vitelline vein. Other letters as Fig. 90. 

the blastoderm, leaving in front of it a trail of cells destined to 
become notochord, and on each side sheets of mesoderm. Imme- 
diately on each side of the notochord this mesoderm becomes seg- 
ment^ into mesodermal somites; further to the side the mesoderm 
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of i&e lateral plate is not segmented, but a split arises in it which 
forms the coelomic cavity. 

The upper layer of the blastoderm may now be called ectoderm, 
and the embryo is in a gastrula stage in which the three germ-layers, 
ectoderm, mesoderm, and endoderm, have been separated and 
marshalled into position. Although the blastopore appears to be 
closed and its lips fused in the primitive streak, it nevertheless is the 



Figure 92. Callus: transverse sections through the blastoderm of a hen’s 
egg after 24 hours’ incubation. (From Jenkinson.) 

A, through the posterior; H, through the anterior region of the embryo, en, 
endoderrn; m, mesoderm; mg, neural gioovc; m/p, unsegmented mesoderm of the 
lateral plate; mvp, segmented mesoderm (somites) of the vertebral plate; /i, 
notochord. The posterior region of the embryo is at a less advanced stage of 
development than the anterior region. 

site of invagination of mesoderm as in the frog. But unlike the 
conditions in the frog, the primitive streak is not concerned in the 
invagination of the endoderm, which is formed precociously as a 
result of cleavage. 

HEAD-FH^LO. — A very important thing to notice is that the 
embryo in the chick will develop from only a part of the egg and 
blastoderm. The remainder will give rise to the membranes outside 
the embryo. At first, all that exists of the embryo proper is the 
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middle Iine''of its back represented by the primitive streak. Its sides 
are formed as this streak>region rises and becomes folded up from ‘ 
the surface of the blastoderm around it. This process begins in front 
with the formation of the head-fold; by this means the ectoderm, 
notochord, mesoderm, and endoderm are lifted off from the surface 



Figure 93. Callus: embryo chick after 30 hours’ incubation seen by 
reflected light, A from the dorsal, B from the ventral side. (After 
Jenkinson.) 

aipt anterior intestinal portal; A/, blood-islands ;//>, fore-brain; /;/>, hind-brain; 
/ft, heart; mb mid-brain. Other letters as Figs. 90 and 91. 

of the underlying yolk, and a cavity appears between the latter and 
the endoderm which represents the foregut-region of the enteron. 
As yet there is no floor to the gut, nor is the ventral side of the 
embryo formed at all. The mesoderm, lying on each side of the noto- 
chord, becomes segmented into somites. That part which is nearest 
to the notochord will produce the myotomes; farther laterally, a 
split arises in the mesoderm which becomes the coelomic cavity, and 
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which separates a somatic layer of mesoderm closely applied to the 
ectoderm from a splanchnic layer which is similarly applied to 
the endoderm. The ectoderm, mesoderm, and endoderm extend to the 
side far beyond the limits of the embryo, and so it comes about that 
the coelomic cavity of the embryo is perfectly continuous with the 
“extra-embryonic” coelom. As this extra-embryonic splanchnic 
mesoderm spreads out, blood-islands develop between it and the 
endoderm. This is seen in blastoderms observed by transparency as 
the spreading of an area vasculosa over the area pellucida. Eventu- 
ally this area vasculosa spreads over most of the blastoderm up to 
the germ-wall, except for a region immediately in front of the head- 
fold which is known as the proamnion. The peripheral extent of the 
area vasculosa is marked by a blood-vessel, the sinus terminalis. 



Figure 94. Callus: longitudinal section through the head-region of an 
embryo chick after 30 hours’ incubation. (From Jenkinson.) 

aip, anterior intestinal portal; e//, endoderm; pc^ pericardium; pr, proamnion; 
spe^ spinal cord; .vr, stoniodieum. Other letters as Figs. 90, 91, and 93. The lines 
marked I to 5 indicate the planes of the transverse sections shown in Figs. 95 
and 96. 


NERVH-TUBh’. — ^Thc neural plate develops as a thickening of the 
ectoderm along the axis of the embryo, in front of the primitive 
knot. At its sides arc the neural folds which rise up and meet forming 
the neural tube. The formation of the neural tube is the result of the 
inducing action of the underlying notochord. The first part of the 
neural tube to form is the brain, which is clearly marked out into 
the regions which will become the fore-, mid-, and hind-brain. As 
the primitive knot and streak move back, the closure of the neural 
folds follows them and covers up the spots which they formerly 
occupied, and so the neural tube comes to be formed immediately 
above the notochord. On each side of the neural tube, the neural 
crests come into existence, as in the frog. Even at very early stages, 
the rudiments of the eyes may be seen as outpushings to each side 




Figure 95. Transverse sections through an embryo chick after 30 hours’ 
incubation. (From Jenkinson.) 


Taken in the planes shown by lines 1, 2, and 3 on Fig. 94. 1 is posterior. For 
lettering see Fig. 96. 


backwards, and soon covers over the head. It now continues growing 
backwards by the upgrowth of folds on each side of the embryo, 
and soon covers over the latter completely, much in the same 
manner as the neural folds previously covered over the neural tube. 
The folds join above the embryo, which now finds itself in a sac, the 
aniniotic cavity, covered over by two membranes of which the inner 
7-— V.Z. 
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the amnion and the outer is the chorion* Both these membranes 
are of course part of the extra-embryonic ectoderm, and the 
that there are two of them is due to the amniotic fold having 
layers as it rises up. At the hind end, the amnion and chorion reri^^ 



Figure 96, Transverse sections through an embryo chick after 30 hours’ 
incubation, (From Jenkinson.) 

Taken in the planes shown by hncs 4 and 5 on Fig. 94. 5 is anterior, a, lateral 
dorsal aorta; a\\ auditory vesicle; c, cctlom; c\\ cardinal vein; ec, ectoderm; 
en^ cndodemi; /e, foregui; ht, heart endothelium; htm, muscular wall of heart; 
kt^ kidney tubule; mg, neural groove; mesodermal somite; mt, nerve-tube; 
/I, notochord: neural crest; wr, nephrotome; pc, pericardium; so, somato- 

pleur; spl, splanchnoplcur; vv, vitelline vein. 

in contact at their point of fusion, forming the so-called scro- 
amniolic connexion. Extra-embryonic mesoderm gets carried up with 
the ectoderm in the amniotic fold, and forms a layer on the outer 
side of the amnion and on the inner side of the chorion. The space 
between the amnion and the chorion is therefore occupied by extra** 
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emt^onic ctblomk idavity. The amniotic cavity is of course lifted by 
ectoderm, and contains fluid. Although laid on dry land, therefore, 
the chick embryo develops in a fluid medium which may be said to 



Figure 97. Callus: embryo chick after 36 hours’ incubation seen by 
transmitted light, A from the dorsal, B from the ventral side. (After 
Jenkinson.) 

The heart is beginning to bend to the right, and the amniotic folds are covering 
over the head, o/, amniotic fold; as, auditory sac; ov, optic vesicle; va, vitelline 
artery. Other letters as Figs. 90, 91, and 93. 

he an artificial “pond”, equivalent to the pond in which ^the (more 
aquatic) ancestors developed, as the frog now does. The embryo is 
also protected by the amnion as by a water cushion from shocks and 
knocks to which the shell may be subjected, and from too sudden 
changes of temperature. 
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;rHE GUT.— The base of the amnion grows in beneath the embryo, 
thus accentuating the folding off of the latter from the rest of the 
blastoderm. The head-fold has already been noticed, and as the base 
of the amnion grows in beneath it and backwards, a floor is formed 
for the most anterior region of the gut. In the same way at the 



Figure 98. GaUus: embryo chick after 60 hours’ incubation seen, A, from 
the dorsal side by transmitted light, B, from the ventral side by 
reflected light. (After Jenkinson.) 

The head-end has turned and is lying on its left side; the heart is twisting; the 
tail-fold lias appeared, and the amnioiic folds cover half the embryo, c, auricular 
portion of the heart; r, eye; /, lens; //, tail-fold; v, ventricular portion of the 
heart; vc, visceral cleft. Other letters as Figs. 91, 93, and 97. 

posterior end, a tail-fold develops, and the base of the amnion, 
growing in forms a floor for the hindmost region of the gut. The 
middle portion of the gut has as yet no floor, and is directly open to 
the surface of the yolk underneath; its sides are formed, however, 
and it is known as the intestinal groove. The passage between the 
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intestinal groove and the foregut, over the edge of the floor of the 
latter, is called the anterior intestinal portal Similarly, at the hinder 
end a posterior intestinal portal is formed. At first the two intestinal 
portals are far apart, which is the same thing as saying that the 
formation of the floor of the gut has not yet proceeded very far back 
from the front end or forwards from the hinder end of the embryo. 



Figure 99. Callus ', transverse sections through a chick embryo after three 
days’ incubation through A, the hinder, B, the middle, and C, the 
anterior regions of the trunk; showing stages in the development of 
the amnion. 

fl, amnion; ar, amniotic cavity; a/, amniotic fold; r, coelom; cA, chorion; 
da, dorsal aorta; ec, ectoderm; eec, cxtra-embryonic coelom; en, endoderm; 
m, dorsal mesentery; my, myotome; n, notochord; nc, nerve-cord; pc, posterior 
cardinal vein; sac, sero-amniotic connexion; som, somalopicur; spm, splanchno- 
pleur; vv, vitelline vein; IVd, Wolffian duct. 

As development goes on, however, more and more of the floor of 
the gut and ventral wall of the embryo is formed, and the intestinal 
portals come close together leaving only a narrow opening 'between 
the cavity of the gut in the embryo and the yolk — the umbilicus. 

Meanwhile, the extra-embryonic portion of the blastoderm has 
been extending down over the surface of the yolk, and eventually 
covers it completely except for a small aperture which is left open, 
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aad through which the yolk is separated from the albumen only by 
the vitelline membrane. The ectoderm of this region is continuous 
with and forms part of the chorion; the endoderm, continuous with 
the endoderm of the embryo, now contains the yolk, and is known as 
the yolk-sac. There is a layer of mesoderm on the inner side of the 
ectoderm, and another on the outer side of the yolk-sac, so that the 
extra-embryonic coelomic cavity extends down into this region. The 
yolk-sac contains the store of nourishment for the developing 
embryo, and the yolk digested is brought into the embryo by the 
blood-vessels of the area vasculosa. The yolk-sac represents the heap 
of yolk-cclls in the hinder part of the gut of the developing frog, but 
there is so much yolk that it cannot be accommodated inside the 
cavity of the gut as in that animal. Instead, it hangs in a sac beneath 
the gut, and gets gradually drawn up as its contents diminish, until, 
right at the end of development, it passes up through the umbilicus 
into the intestine of the embryo. Just before doing so, the albumen 
surrounding the chorion becomes contained in a sac formed by 
folds of the latter. This sac communicate^ with the base of the yolk- 
sac through the aperture which was left open, and it communicates 
also with the amniotic cavity by a reopening of the sero-amniotic 
connexion. The amniotic fluid and albumen are therefore able to 
pass into the yolk-sac and get absorbed. 

ALLANTOIS.— Shortly after the formation of the amnion a 
median ventral downgrowth is developed from the floor of the hind 
gut. This endodcrmal sac, covered on the outside by a layer of 
mesoderm, is the allantois and it represents the bladder of the frog. 
The allantois grows out into the extra-cmbryonic ccelomic cavity, 
and its size increases as that of the yolk-sac diminishes. It soon 
occupies almost the entire space within the chorion which is not 
filled by amnion and yolk-sac. Its outer wall becomes applied to the 
inner surface of the chorion, and the extra-embryonic ccelomic' 
cavity between them disappears by the fusion of the two layers of 
mesoderm (on the inner side of the chorion and on the outer side of 
the allantois). I'his fused layer of allantois and chorion now lies 
close against the inner surface of (he shell, only separated from it by 
the shell-membranes; it is also highly vascular, being supplied by 
blood-vessels which run out from the embryo along the allantoic 
stalk. As the shell is porous, the blood-\esscls of the allantois form 
a region where oxygen is taken into and carbon dioxide is given off 
from the blood. The allantois therefore functions as a respiratory 
organ, and is of the highest importance. The gill-slits do not function 
as respiratory organs, for they communicate with the amniotic cavity 
in which the oxygen cannot be renewed. 

Another function of the allantois is excretion, for the Wolffian 
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ducts run into the hind gat (ctoaca) near iU ba$e^ and it acts as a 
reservoir for the excretory products (uric add) accumulated during 
the embryonic life. At the end of this period the allantois is not 
drawn up into the embryo, but nipped off at the umbilicus and left 
behind. 

The relations of the embryonic membranes are simple to make out 
if it is remembered that mesoderm underlies ectoderm, and meso- 
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Figure 100. Callus: view of an embryo chick after four days’ incubation, 

^ from the right side. 

aa, arterial arches; ac, anterior cardinal; a/, allantois; aw, auricular portion of 
the heart; r/, choroid fissure of the optic cup; da, dorsal aorta; dC, ductus 
Cuvieri; dv, ductus venosus; e, optic cup; ic, internal carotid artery; /, lens; 
mb, midbrain; pc, posterior cardinal; t, tail; ua, umbilical artery; uv, umbilical 
vein; v, ventricular portion of the heart; va, vitelline artery; vv, vitelline vein. 

derm overlies endoderm. All the boundaries of any particular cavity 
are continuous when traced right round, and are formed from one 
germ-layer. They are consistent in their arrangement, so that an 
cndpdermal cavity (gut, or allantois) cannot communicate with a 
cavity lined by mesoderm (coelom), or with one lined by ectoderm 
(amnion, or atrium of Amphioxus), 

VASCULAR SYSTEM. — At an early stage, the blood-islands of 
the* area vasculosa become connected up with a pair of anterior 
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vitelime veins which run towards the embryo from each side, and 
pass just in front of the anterior intestinal portal where they fuse in 
the middle line. This vessel, lying immediately beneath the floor of 



Figure 101. Diagrams showing the formation and relations of the amnion,, 
chorion, yolk-sac and allantois in the chick. (From Jenkinson.) 

1, transverse section; the amniotic folds arc rising up, but the gut is not yet 
folded oil from tlic yolk. 2, transverse section, the amniotic folds have met and 
fused; the amniotic cavity is closed and the amnion is separated otf from the 
chorion; the gut is beginning to be folded up from the yolk. 3, longitudinal 
section; the amniotic folds aic about to fuse; the allantois is growing out from 
the hind-gut ot the embryo. 4, longitudinal section; the amniotic cavity is closed 
and the amnion is separated oft from \hc chorion except at the sero-amniotic 
connexion; the yolk is now almost enclosed in a yolk-sac which remains open 
beneath; the allantois »s greatly enlarged, all, allantois; am, amnion; amc, 
amniotic cavity; r. ccelom; fam, chorion; ham, head-fold of the amnion; lam, 
lateral amniotic fold; scro-ammotic connexion; tarn, tail-fold of the amnion; 
u, side wall of the gut; ,v, yolk. 

the fore-gut, represents the subintestinal vein of the frog, and in this 
region it becomes differentiated into the heart. It is suspended from 
the floor of the fore-gut by a mesentery, the dorsal mesocardium. 
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and that part of the coelomic cavity into which it hangs will become 
the pericardium. At early stages, the heart is still outside the cmbiyo^ 
and it is not drawn into it until the base of the amnion has grown in 
beneath it. The anterior vitelline veins from the yolk-sac soon 
become replaced by the larger pair of posterior vitelline veins. 

Running forwards from the heart, the aortic arches run up round 
the fore-gut (pharynx) on each side passing between the gill-slits in 
the visceral arches. The hyomandibular and three pairs of branchial 



Figure 102. Callus: diagram showing the final relations of the embryonic 
membranes. (From Jenkinson, after Du\al and Lillie.) 

ach, air-chamber; all, allantois the outer wall of which is closely pressed 
against the shell-membrane; awe, amniotic cavity which communicates with the 
{as) albumen sac through the reopened (sac) scro-amniotic connexion; ast^ 
' allantoic stalk; c, extra-embryonic coelom; sh, shell; v, yolk in the yolk-sac which 
still communicates with the albumen-sac; x, point at which the yolk-sac will 
eventually close. 

pouches are developed as outgrowths from the endoderm to the 
ectoderm. Of these, the hyomandibular and the first two branchials 
actually become perforated for a time, and place the cavity of the 
fore-gut in communication with that of the amnion. 

In the embryo, paired dorsal aortae develop, beneath, the noto- 
chord. Anteriorly they connect with the aortic arches, and posteriorly 
at an early stage they simply spread out over the yolk-sac on each 
side forming the vitelline arteries. Later, the single median dorsal 
aorta arises by the fusion of the paired vessels (as far forwards as the 
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i|)hai^^)» a^ad it exteads back behind the vitdline arteries into the 
;|ail as the latter is formed. 

The aortic arch in the 4th visceral arch becomes the systemic (that 
on the left disappears), that in the 6th arch the pulmonary. The 
pulmonary arches also connect with the dorsal aorta by the ductus 
arteriosus. 

The cardinal veins also arise as paired vessels, on each side of the 
aorta, and they communicate with the heart across a transverse 
septum by means of the ductus Cuvieri. Beneath the hind portion of 
the posterior cardinal veins, the subcardinal veins arise, in the region 


i 


Figure 103. Callus : view of the face of a chick after four days’ incubation. 

eft choroid iissurc of the optic cup; r, optic cup;/«/7, fronto-nasal process; 
hUt hyoid arch; /, Icn.s; Inf^t lachrymo-nasal groove; Inp, lateral nasal process; 
m, mouth; rmi, mandibular aich; rnp, maxillary process; /w, nasal sac. 

of the mesonephros. The subcardinal \cins acquire connexion with 
the developing inferior vena ca\a. 

As the anterior intestinal portal moves farther back in the embryo, 
the fusion of the two posterior vitelline, or ornphalo-mescnteric veins, 
with one another becomes more extensive. This combined vessel, 
which lies in the region of the developing liver and behind the heart, 
is known as the ductus venosus. At the hind end of the ductus 
venosus, the two posterior vitelline veins are separate, but farther 
back still they fuse together again twice: in one place dorsal to the 
gut, and in another place behind again, v entral to the gut. The piece 
on the left side between the dorsal point of fusion and the ductus 
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vraosus disa|q>ears; the piece on the right &ide between thS dorsal 
fusion and the ventral fhsion behind it disappears also. The net 
result of all these modifications is that the vitelline veins run into 
the embryo on each side from the yolk-sac and join beneath the gut. 
From this point a single vein runs forwards and makes one complete 
twist round the gut in the direction of the thread of a corkscrew, and 
runs into the ductus venosus. Part of these posterior vitelline veins 
becomes the hepatic portal vein, and the ductus venosus becomes the 
hepatic veins and the base of the inferior vena cava. 



Figure 104. Longitudinal section through an embryo showing the develop- 
ment of the metanephros. 

(Actually, this section is of a mammal, not a bird, but the difference is im- 
material.) The ureter arises as an outgrowtii from the Wolflian duct. ccrlomic 
epithelium; m, myotomes; me, metanephrogenous tissue; mt, mesonephric 
tubules; w, ureter; WJ, Wolffian duct. 


The allantois is supplied with blood by the umbilical arteries 
(branches from the artery to the hind leg), and drained by the 
umbilical veins. These run in the side wall of the abdominal cavity 
and correspond to the lateral abdominal veins of the dogfish. At 
first they run into the ductus Cuvicri of their side, but later the right 
umbilical vein is reduced and the left one runs into the ductus 
venosus. At all events, the blood from the allantois, where jt has been 
oxygenated, runs into the right auricle of the heart when the latter 
becomes subdivided by interauricular and interventricular septa. The 
left auricle receives the pulmonary veins. The lungs are, however, 
not functional, and by the breaking down of the septum between the 
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auricles part of the blood from the allantois is able to get from the 
right to the left auricle, and so to the left ventricle and the systemic 
arch without going through the right ventricle. The remainder of the 
blood passes through the right ventricle to the pulmonary arches, 
and from them through the ductus arteriosus to the dorsal aorta. 
Little if any goes to the lungs. The interauricular septum is recon- 
stituted after hatching, when the lungs are open and functional, and 
oxygenated blood reaches the left auricle from the lungs. The inter- 
ventricular septum is complete. 

With the exception of the urino-genital organs, the 
remaining organs of the chick develop in a manner very similar to 
that which obtains in the frog, and no useful purpose would be 
served by going over them in detail. The limbs will be mentioned, 
since they show in their development certain characters which are 
more primitive than the definitive adult condition; and especially 
the urino-genital system is worthy of note. Not only does it differ in 
some respects radically from that of the frog, but in others it shows 
certain features more clearly. 

In some half a dozen segments in the anterior region of the trunk, 
the intermediate cell-mass or nephrotome of each segment pushes 
out a rod of cells which curves backwards and meets and fuses with 
the similarly produced rod from the segment next behind it. Each of 
these rods represents a tubule of the pronephros; they are solid 
instead of being hollow and opening into the coelom by ciliated 
funnels, because the pronephros is degenerate in the chick, and does 
not even function as an excretory organ. However, the rod of cells 
formed by the pronephros on each side in this way growls back to 
the cloaca, and later becoming hollow, forms the pronephric duct. 

In about a dozen segments, behind the pronephros, the meso- 
nephric tubules develop. Like the pronephros, they are segmental in 
origin, and as they grow out from the intermediate cell-mass, they 
find the pronephric duct so to .speak ready-made for them. They 
connect with it, which now becomes know n as the mesonephric or 
Wolffian duct. The mesonephric tubules do not as a rule open into 
the splanchnoca'lic cavity; they ha\e no cadomic funnels. The 
tubules give rise by branching to a number of Bowman’s capsules, 
and each becoming vasculariscd by a glomerulus becomes a Mal- 
pighian corpuscle. The mesonephros is the functional kidney of the 
embryo, and is therefore present in the early life of both sexes. Later, 
it is preserved only in the male, for it establishes connexion with the 
testis by steans of the vasa eflercntia, and the Wolffian duct functions 
as the vas deferens. It disappears in the female. 

The kidney of the adult is the metanephros. It is formed after the 
mesonephros, and at a time when the segmental arrangement of the 
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intermediate cdl-mass has been lost. A diverticulum develops from, 
the base of the WoIflSanduct, near the cloaca; this is the ureter. The 
ureter grows forwards dorsal to the mesonephros, and branches 
repeatedly, forming a large number of collecting tubules. The meta- 
nephric tubules, or Bowman’s capsules, arise from an indistinct heap 
of cells of the intermediate cell-masses belonging to one or two 
segments of the hinder region of the body, and called simply the 
metanephrogenous tissue. These capsules hollow out and connect 
with the collecting tubules which were formed by the branching of 
the ureter. Each capsule is vascularised by a glomerulus, and forms 



Figure 105. Longitudinal section through a inetancphric kidney. 

Showing the Malpighian corpuscles (Mr) in communication with the ureter 
(w) by means of the collecting tubules (c/); ra, renal aitery. 

a Malpighian corpuscle. The metanephric tubules never have 
coelomic funnels. 

So long as the mesonephros functions as an excretory organ, there 
is a renal portal system formed by the hinder region of the posterior 
cardinal veins. These veins filter through the mesonephros, and arc 
collected into the so-called subcardinal veins, which contribute to 
the formation of the inferior vena cava. The renal portal system 
disappears with the excretory function of the mesonephros; mean- 
while the metanephros has developed and renal veins connect its 
glomeruli to the inferior vena cava. The posterior cardinals then run 
into these renal veins. 

The Mullerian ducts develop in both sexes as grooves in the 
coelomic epithelium which become closed over to form tubes, and 
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these tubes grow ba^ to the cloaca. In the male, both these ducts 
disappear; in the female the right duct is lost and that on the left 
'side persists as the definitive oviduct. 

LIMBS.— The limbs appear as buds at a stage relatively earlier 
, than that at which they arise in the frog. Their interest lies in the 
fact that the cartilaginous skeleton of the limbs in larvae reflects 
^ primitive condition, before the modifications of the wings and the 
mesotarsal joints arose. In the wrist, the distal carpals and the meta-^, 
i’^ carpals are at first separate; there is as yet no carpo-metacarpus. 

: There are also vestiges of the 1st and 5th digits, so that the wing at 
this stage resembles a more normal pentadactyl fore-limb. Similarly 
in the hind-limb, the proximal tarsal cartilages are not yet fused on 
to the tibia to form a tibio-tarsus, neither are the distd tarsals yet 
joined on to the metatarsals to give rise to a tarso-metatarsus. 

" The early stages of the pelvic girdle are of great interest, for the 
pubis when it first arises in cartilage points forwards and downwards; 
it is only later that it extends back beneath the ischium. 

HATCHING. — Meanwhile the mouth and the anus have broken 
through into the gut as the result of the sinking in of the stomodaeum 
and proctodseum. As the chick grows during its development, its 
position changes to accommodate it to the surrounding membranes. 
At an early stage it turns and lies on its left side, and later, its body 
lies along the long axis of the egg with its head near the blunt end of 
the shell, which is where the air-chamber is situated. Its beak pierces 
the inner shell-membrane, and it begins to breathe the air in the air- 
chamber into its lungs, often making the characteristic “peep peep” 
sound. The connexions between the pulmonary arteries and the 
dorsal aorta (ductus arteriosus) disappear, and more and more 
blood passes through the lungs. The yolk-sac has been completely 
absorbed within the body. The beak of the upper jaw bears a sharp 
projection, the caruncle (a horny thickening of the epidermis), with 
which the chick pierces the shell, and soon after, it emerges, having 
severed its connexion with the allantois. The septum between the 
auricles of the heart is re-formed, and the chick now lives in the same 
„ manner as the adult bird. 

The precocity of the chick in being able to fend for itself as soon 
as hatched is a special condition termed nidifugous. In the majority 
of birds, the hatched fledgling is for a lime utterly helpless and 
dependent on its parents for food: the condition termed nidicolous. 

FEATHERS. — Feathers begin developing at about the seventh day 
. of incubation and the first sign of their appearance is in the form of 
a thickening of the epidermis overlying a condensation of the 
dermis, and forming a papilla. The rudiment of the feather soon 
becomes conical and eventually takes the form of an elongated 
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cylinder. Tht papilla at its base becomes sunk beneath the geceral 
level of the skin, forming a follicle. The deepest layer of the ^idermis 
differentiates into a number of longitudinal thickened ridges, two 
of which will become the rachis, and the remainder will give rise to 
the barbs which come off the rachis. At this stage they are still rolled 



Figure 106. Callus: views of the (cartilaginous) skeleton of the limbs and 
girdles of embryo chicks, A and B after 5 days’, C and D after 9 
days’ incubation, as seen from the left side. 

A and C, pectoral girdle and limb; B and D, pelvic girdle and limb. Note 
that in the earlier stage the pubis points forwards, c, coracoid; ca^ carpals; 
dty distal tarsals (which will fuse with the metatarsals to form the tarso-meta- 
tarsus);/£^, femur; fibula; humerus; /, ilium; /.y, ischium; me, metacarpal; 
m/, metatarsal; p, phalanx; pt, proximal tarsals (which will fuse with the tibia 
to form the tibio- tarsus); pu, pubis; r, radius; scapula; /, tibia; w, ulna. 

up inside the cylinder and covered by the outer layer of epidermis 
forming the feather-sheath. The central dermis is nutritive in function, 
and eventually degenerates. The vane of the feather is formed by 
the shedding of the sheath, the splitting of the cylinder on the side 
opposite the rachis, and the flattening out of the barbs which have 
thus been released, on each side of the rachis. The former cylindrical 
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Figure 107. Sections and diagrams showing the development of feathers. 

A, section through an early papilla; B, slightly later stage in which the sides 
of the papilla are Ix^ginning to sink lK*neath tlic surface; C, longitudinal section 
through a young fcatlicr in winch the epidermal thickenings arc present, but the 
feather-sheath has not yet disappeared; D, transverse section of C; E, the 
feathcr-shcath has tKcn shod from the end of the feather and the barbs are 
fn?ed; F, diagram showing the relations of the rachis, barbs, and aftershaft; 
G, view of an adult feather, a, aftcrshafi, /», barbs; r, calamus; e, ectoderm; 
fSp feather-sheath: ;w, inferior umbilicus; w, mesoderm; p, papilla; r, rachis; 
jw, superior umbilicus; /, ectodermal thickenings (which will give rise to the 
barbs); v. vane. 
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nature of the feather is betrayed by the pres^ce of a hole at the base 
of the quill— the inferior umbilicus— and another at the bottom of 
the vane (between it and the aftershaft), the superior umbilicus. The 
aftershaft represents the thickenings of deeper layers of the epidermis 
on the side of the cylinder opposite the rachis, and below the lower- 
most barbs belonging to the rachis. 

The feathers of the adult bird, pennas, plumula:, and filoplumes, 
are typically preceded by “nestling-down” in the form of prepennae, 
preplumulae, and prefiloplumes respectively. There are two genera- 
tions of prepennae, but in the majority of birds it is the first genera- 
tion which forms the nestling-down, and the second is reduced. 
Both generations are present in the penguins. 

The nestling-down feathers are carried out on the tip of the adult 
feathers, for the latter grow from the same papillae as their pre- 
decessors, and when the adult feathers are properly formed, the 
nestling-down is worn off. 
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CHAPTER XIV 


DEVELOPMENT OF LEPUS (THE RABBIT) 

FERTILISATION . The cgg is very small, and contains very little yolk. 
It is surrounded by a vitelline membrane secreted by itself, and by 
a secondary membrane formed from the follicle-cells, the zona 
pellucida. The follicle-cells are several layers thick surrounding each 
egg-cell, which however they do not fit closely. There is a large space 
inside the follicle filled with fluid and bathing the egg, which gives 
the characteristic appearance of the Graafian follicle, typical of 
mammals. One polar body is extruded in the ovary, the second is 
extruded after fertilisation. 

Ovulation is the process of release of the egg from the ovary, and 
is usually brought about during a period of “heat” or oestrus as a 
result of the action of the follicle-stimulating hormone of the 
pituitary. Other mammals, including the rabbit, only ovulate after 
the stimulus of copulation. The follicle vacated by the egg becomes 
filled by the great increase in size of the follicular cells and by the 
ingrowth of connective tissue and blood-vessels, and becomes a 
corpus luteum under the influence of the luteinising hormone of the 
pituitary. Should the egg just ovulated be fertilised, the corpus 
luteum ba'omes an important structure, functioning as a gland of 
internal secretion producing the hormone progesterone, and among 
its functions are the following: it stimulates the uterus to hyper- 
trophy and undergo "progestational proliferation” as a result of 
which the uterine glands secrete nutritive material for the embryo 
before it becomes fixed to the wall of the uterus; it prepares for the 
reception and fixation of the embryo; and it renders the muscles of 
the uterus insensitive to the oxytocic hormone of the pituitary and 
other stimuli which would cause them to contract prematurely and 
produce abortion. The corpus luteum disappears at the end of the 
period of gestation, but if no pregnancy has ensued it disappears 
soon after ovulation. 

During copulation sperms are introduced into the vagina, and 
they make their way up through the uteri to the oviducts, near the 
top of which they meet and fertilise the egg. Fertilisation is therefore 
internal, as in the chick. 

CLEAVAGE. Cleavage is total and gives rise to a ball of cells, or ’ 
morula. A cavity appears within it, and it soon becomes differentiated 
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into an outer layer and an inner mass of ceUs/ The former is called 
the trophoblast, and the whole structure is known as a blastocyst. . 

IMPLANTATION. The blastocyst travels down the oviduct and 
eventually finds itself in the cavity of the uterus where it ingests 
through its trophoblast the nutritive substances secreted by the 
uterine glands. The lining of the uterus has on its mesometrial side 
(see p. 238) a pair of prominent folds, which project into the cavity 



Figure 108. Lepus: early stages in the development of the rabbit. (After 

Assheton.) 

A, two-cell stage, enclosed by the zona pellucida (zr); B, morula (m) stage; 
C, blastocyst show'ing the dilferentiation into the trophoblast (/) and the inner 
mass (/m); D, the inner mass has become the embryonic plate and is dilfcrentialed 
into ectoderm {ec) and endoderrn {en) \ E, the trophoblast overlying the embryonic 
plate — the cells of Rauber (c/f)-^isappcar; F, after the disappearance of the 
trophoblast over the embryonic plate; G, transverse section through the primitive 
streak {ps). c, ccelom; me, mesoderm. 

or lumen of the uterus. To these, the blastocyst becomes attached by 
means of its trophoblast. This process is called implantation. In the 
rabbit where the blastocyst remains in the cavity of the uterus, the 
type of implantation is termed central. In other mammals including 
man, the blastocyst bores its way into the uterine wall, a type of 
implantation termed interstitial. 

FORMATION OF THE EMBRYO. The blastocyst enlarges and 
expands in the cavity of the uterus. The cells of the inner mass 
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become arranged in the form of a flattened disc, immediately 
beneath the trophoblast. This disc is known as the embryonic plate. 

At the same time, the inner mass gives rise to a layer of cells which 
grow as an epithelium lining the inner surface of the trophoblast. 
This layer is endoderm (also called the “lower layer”), and the cavity 
which it encloses represents the yolk-sac of the chick. Here, however, 
there is no yolk, and the yolk-sac is consequently empty. 

The cells of the trophoblast immediately overlying the embryonic 
plate (the cells of Rauber) disappear, and the embryonic plate thus 



Figure 109. Diagrams showing the formation of the amnion in the rabbit. 
(From Jenkinson, after van Benedcn.) 


The earlier stage is on the left; the later stage on the right. Since the cells of 
Raulx'r have disappeared, the embryo is at the surface of the blastocyst until 
the amnion has formeil. aU, allantois; «//% region of the trophoblast where the 
allantoic placenta will be formed; r, cxtra-cinbryonic citlom; e, embryo; ham^ 
head arnniotic fold; ri/r, region of the trophoblast where the omphaloidean 
placenta is formed; .y/, sinus tciminalis (blood-vessel) of the area vasculosa; 
mw, lad amniutic fold. V5, yolk-sac. 


comes to the surface of the trophobla-st. A primiti\'e streak is formed 
in the centre of the embryonic plate, and, as in the chick, it pro- 
liferates mcsodcnnal cells to each side, and forms the notochord in 
the middle line as it retreats towards the hind end of the embryo. 
Neural folds rise up and enclose the neural tube, and the embryo 
becomes folded up irom the surrounding tissue by the head-fold and 
tail-fold. In this way, the gut begins to be formed, and, as in the 
chick, anterior and posterior intestinal portals arise (see p. 181 ). 

The amnion arises by the upgrowth of folds at the edge of the 
embryonic plate. The hinder arnniotic fold develops faster than that 
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in front, and when these folds meet, the embryo is no longer at the 
surface of the trophoblast, but folded away within it. The embryo 
is then enclosed in the amniotic cavity, just as in the chick, and the 
trophoblast of the rabbit corresponds to the chorion of the chick, 




Figure 110. Diagram showing the relations of the embryonic membranes 
and placenta of the rabbit, as seen in an idealised transverse section 
of the uterus. (From Jenkinson, after Duval and van Beneden.) 

all^ allantois; c, extra-cmbryonic coelom; ep, epithelium of the uterus; /w, 
cavity of the uterus; m, mesometrium; otr, omphaloidean trophoblast; pi, 
placenta (allantoic); pr am, proamnion; ys, yolk-sac. 


the relations of which are identical (see p. 178). It may be mentioned 
that in some other mammals such as the mouse the amnion is not 
formed quite in this way, but arises precociously, even before the 
embryo (sec p. 219). The rabbit has been chosen for description here 
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because its developmeot is so easily comparable with that of the 
chick. 

I The mesoderm splits into somatic and sfflanchnic layers with the 
codomic cavity between them. The splanchnic layer overlies the 
yolk-sac. The somatic layer grows up round the amnion and separates 
the latter from the trophoblast. 

An area vasculosa develops in the wall of the yolk-sac, and the 
blood-vessels so formed extend as far as the sinus terminalis. The 
lower wall of the yolk-sac is not vascularised. In some mammals this 
lower wall of the yolk-sac with its overlying trophoblast persists for 
some time, and absorbs nourishment from the walls of the uterus. In 
the rabbit, however, this “omphaloidean” region of the trophoblast 
together with the lower wall of the yolk-sac disappears, and the cavity 
of the yolk-sac is then openly continuous with that of the lumen of 
the uterus. This disappearing part of the blastocyst contained neither 
blood-vessels nor mesoderm. 

PLACENTA. Meanwhile, the upper part of the trophoblast which 
is in contact with the wall of the uterus on the mesometric side 
becomes much thicker and hollowed out by the formation of a 
number of lacun® into which the trophoblast projects countless 
finger-like processes called pseudo-villi. The outer surface of the 
pseudo-villi loses its cell-boundaries forming a syncytium (or plas- 
modi-trophoblast). The more basal part of the trophoblast, between 
the syncytium and the mesoderm, retains its cell-boundaries (and is 
called the cyto-trophoblast). The allantois grows out from the region 
of the hind-gut and brings with it a covering layer of mesoderm and 
blood-vessels. The mesoderm covering the allantois fuses with the 
mesoderm underlying the cyto-irophoblast, and the allantoic blood- 
vessels make their way into the pseudo-villi. In this way the placenta 
is formed, and since it is related to the allantois, it is called an 
“allantoic placenta"’. The placenta is an organ which places the 
mother and embryo in physiological communication, for the inter- 
change of substances. The epithelium of the wall of the uterus 
disappears where the trophoblast touches it, with the result that the 
trophoblast is in contact with the subepithelial tissues and blood- 
vessels of the uterine wall. The blood from these maternal vessels 
bathes the surface of the trophoblast and fills the lacunae so that the 
pseudo-villi are immersed in maternal blood. This type of placenta 
is called haemo-chorial. The blood of mother and embryo are never 
in direct communication. 

The capillaries of the allantois branch in the substance of the 
pseudo-villi, and the blood which they contain is separated from the 
maternal blood only by the lining of the capillaries and the surface 
of the trophoblast. Across these membranes which constitute the 
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placental barrier, substances are passed by diffusion. The maternal 
blood supplies not only oxygen but fo^-substanccs which may 
require to be digested by enzymes and broken down into simpler 
compounds, for the placental barrier is impassable to substances of 
high molecular weight. In the contrary direction the embryonic 
blood brings carbon dioxide and excretory products which are passed 
on into the maternal circulation. The placenta therefore functions 
as a respiratory, nutritive, and excretory organ. At the same time, 
a certain amount of nutriment is obtained from the glands of the 
uterus, and is either ingested phagocytically by the trophoblast or 
absorbed into the blood-vessels of the yolk-sac (the cavity of which 



Figure 111. Section through a part of the haemo-chorial allantoic placenta 

of the rabbit. 

The maternal tissue is on the right, the embryonic tissue on the left. They can 
often be distinguished by the fact that the red blood-corj^usclcs of the embryonic 
blood have not yet lost their nucleus, a, allantois; cr, cyto-trophoblast ; eb^ 
embryonic blood-vessels; eg, embryonic glycogen layer; /, lacun® in the 
trophoblast and filled with maternal blood; mb, maternal blood-vessels; mg, 
maternal glycogen layer; st, syncytium or plasmodi- trophoblast; wv, umbilical 
vein. 

Opens freely into that of the uterus). But the functions of the placenta 
do not end there, for it also serves as a store of food material for the 
developing embryo. In particular, glycogen is accumulated in the 
placenta at early stages before the embryo has a liver of its own; 
when the latter develops, the gycogen content of the placenta 
decreases. The placenta also secretes a hormone which controls and 
preserves the continuance of the pregnancy. 

The vascular system of the embryo rabbit resembles that of the 
chick, but the posterior cardinals persist as the azygos and hemiazy- 
gos veins. The blood from the placenta arrives in the umbilical veins, 
of which the right disappears and the left runs into the ductus 
venosus and so to the right auricle. As in the chick, the septum 
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between the auricles in the heart is perforated, and the oxygenated 
blood from the placenta can get through to the left auricle, left 
ventricle, and so to the carotids and brain, which requires the 
purest blood in the body. The pulmonary artery connects with the 
aorta on the left side by the ductus arteriosus, so that the remainder 
of the venous blood in the right auricle passes through the right 
ventricle, pulmonary artery, and ductus arteriosus to the aorta below 
the place where the carotids come off, and does not have to go 
through the lungs. The ductus arteriosus degenerates and the per- 
foration of the interauricular septum is closed at birth when the 
lungs begin to function. The right systemic arch disappears. 

A feature of great interest for the respiration of the intra-uterine 
embryo is the fact that the haemoglobin of the embryonic red blood 
corpuscles is different from that of the adult in having a greater 
affinity for oxygen. Indeed, it is obvious that the embryonic blood 
in the placenta must be able to take up oxygen at an oxygen-tension 
at which the maternal blood parts with it. 

As in lower forms, the fore-gut and the hind-gut remain blind for 
a long time. In these regions the endoderm becomes apposed to the 
overlying ectoderm forming the oral plate and cloacal plate respec- 
tively. Perforation of these gives rise to the mouth and cloaca, which 
latter is divided into anus and urino-genital aperture. The bladder 
forms from the base of the allantois. 

The urino-genital ducts develop much as in the chick, except that 
the right oviduct persists, and the testis descends into the scrotum. 

From the fact that the perforation of the mouth does not occur at 
the extreme front end, but in the centre of the oral membrane, a 
small pocket is formed morphologically in front of the mouth. This 
is the so-called prcoral gut. In a similar way, a post-anal gut is left 
after perforation of the anus. 

In the region of the pharynx, the gill-pouches arise as outpushings 
from the gut to the ectoderm. They do not, however, become 
perforated. 

Several structures enter into the formation of the diaphragm. The 
transverse septum moves backwards a considerable distance during 
development, and it is followed in its course by the phrenic nerve. 
The transverse septum forms the ventral portion of the diaphragm, 
and the wall which separates the pericardium from that part of the 
perivisceral cavity into which the lungs extend. The dorsal portion 
of the diaphragm separates this pleural ccelom from the abdominal 
cavity behind, and it is formed by the growth of the mesenteries 
associated with the liver (which enlarges), kidneys, lungs, and gut. 

As the placenta and the embryo increase in size, the uterus be- 
comes enlarged to accommodate them. This is effected by a great 
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increase in the size of the smooth muscle-cell^of which the wall of 
the uterus is composed, without any increase in their number. 

When the period of gestation is accomplished, the amnion breaks 
and the embryo is expelled by the contractions of the muscular 
walls of the uterus. The umbilical cord is tom. The placenta also 
becomes detached from the wall of the uterus, and, together with 
clots of blood and debris, is expelled as the after-birth, 

HAIR. The development of hair starts by a thickening of the 
deeper layer of the epidermis, and its downgrowth into the dermis 



Figure 112. Sections through the skin of mammalian embryos showing 
stages in the development of the hairs. 

A, early stage showing the ectodermal inpushing (ei) and the concentration of 
the mesoderm to fonn a papilla (mpY, B, the ectoderm forms a follicle (/) inside 
which the hair (h) is developing; C, late stage after the hair has erupted from the 
surface, apm, arrcctor pili muscle; sg, sebaceous gland. 

forming a little cylinder. At its base a papilla is formed, and just 
above this, the epidermal cells proliferate and give rise to the shaft 
of the hair. This elongates as more material is added to it from 
beneath, and it finally emerges from the follicle and grows freely out. 
The centre of the hairshaft is composed of the medulla; surrounding 
thms the cortex, and round this again is the cuticle. The duter wall 
of the follicle forms a sheath round the base of the hair, and the 
following layers can be made out in it. In contact with the cuticle of 
the hair is the cuticle of the sheath, and next outside that are Huxley’s 
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la:yer» H(^le’s laye4^aiid the main ^idermal layer of the sheath. 
St^oun<£ng this again is the dermal sheath of the follicle. The 
e{>idermis of the wall of the follicle gives rise to little pouches which 
bwome the sebaceous glands. Some mesenchyme cells outside the 
follicle become differentiated into smooth muscle-fibres; they gain 
attachment to the wall of the follicle and become the arrector 
.^muscles of the hair. 
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PART III 


COMPARATIVE ZOOLOGY OF 
CHORDATES 

OUTLINE CLASSIFICATION OF THE MAIN GROUPS OF CHORDATB 
ANIMALS, SHOWING THE MEANING AND VALUE OF THE 
COMPREHENSIVE TERMS EMPLOYED. FOR COMPLETE 
CLASSIFICATION, See p. 418. 

(Most of the extinct groups have been omitted.) * 

Phylum. CHORDATA . Animals with gill-slits, notochord, 

dorsal tubular nervc-cord, and 
post-anal tail. 

Subphylum. hemichordata. Verv lowly forms with 

gill-slits and tubular nerve cord 
but no proper notochord, c.g. 
Balanoglossiis. 

Subphylum. protochordata. Without a specialised 

head or skull. 

Class. UROCHORDATA. Degenerate forms with 

a notochord only in the tail of the 
larva, e.g. Ascidia. 

Class. CEPHALOCHORDATA. Primitive forms 

with the notochord extending the 
whole length of the body, e.g. 
Amphioxus. 

Subphylum. craniata. With a specialised head and 

skull, paired eyes, ears and noses, 
heart and coelomostomic kidneys. 

Division. anamnia. Without an amnion. Breathing 

by gills at some stage of life if not 
altogether. 

Branch and Class. cyclostomata. With a round sucking 

mouth, no jaws or paired fins, 
t.g.Petromyzon (lamprey), Myxine 
(hag). 

Branch. gnathostomata. With biting jaws, 

stomach, paired fins or limbs 
Wolfiian and MfiDerian ducts. 

PISCES (fish). With paired fins. 

203 


Grade. 
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ObSS. ' 

CHONDRiCHTHYES. With cartilagi- 
nous skeleton only. 

Order. 

sELACHii. Gills uncovered, hyo- 


stylic or amphistylic, e.g. Scyllium^ 
sharks and rays. 

Order. 

HOLOCEPHALI. Pscud-autostylic, 
e.g. Chimeera. 

Class. 

osTEicHTHYEs. With bony skeleton, 
lung or air-bladder. 

Subclass. 

TELEOSTOMi. With air-bladder, 
hyoslylic, e.g. Gadus (cod). 

Subclass. 

DIPNOI. Lung used for breathing, 
e.g. Ceratodus. 

Class. 

A M p H I B I A . With an aquatic gill-breath- 
ing larval stage followed by a 
terrestrial air-breathing adult. 

Order. 

LABVRINTHODONTIA (or STEOOCE- 

phalia). Primitive extinct forms 
with a complete roofing to the 
skull, e.g. Eogyrinua, 

Order. 

URODELA. With a tail in the adult, 
e.g. Triturus (newt). 

Order. 

ANURA. Without a tail in the adult, 
e.g. Rana (frog). 

Order. 

GYMNOPHioNA. Limblcss, e.g. 
Ichihyophis. 

Division. 

AMMOTA. Kmbryo develops on land inside 
an amnion. 

Class. 

RFpriLiA. Body covered with homy 
scales, cold-blooded. 

Subdivision. 

sAUROPsiDA. Reptiles related to the 
birds. 

Order. 

chelonia. Body enclosed in a 
carapace, e.g. Testudo (tortoises 
and turtles). 

Order. 

RHYNCHOCEPHALIA. Primitive 

forms, e.g. Sphenodon, 

Order. 

LACERTiLiA. Quadrate loose, e.g. 
Lacerta (lizard). 

Order. 

opHiDiA. Both halves of lower jaw 
loose, e.g. Vipera (snakes). 

Order. 

CRocoDiLiA. Heart 4-chambered, 
e.g. Crocodilus. 
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Subdivision. 

Class. 

Subclass. 

Subclass. 

Class. 

Grade and Subclass. 

Grade. 

Subclass. 

Subclass. 


THEROFSiDA. Reptiles related to tb« 
manunals. 

AVES (birds). With feathers, warm* 
blooded. 

PALiEooNATH^. With a large pre- 
vomer, e.g. Struthio (ostrich). 

NEOONATHiG. With a small pre- 
vomer, e.g. Columba (pigeon), 
Callus (fowl). 

MAMMALIA. Mammary glands, hair, 
diaphragm, warm-blooded. 

MONOTREMATA. With a cloaca, e.g, 
Ornilhorhynchus (duck-billed- 
platypus). 

DiTREMATA. Anus and urinogenital 
apertures separate. 

MARSUPiALiA. With marsupial 
pouch, e.g. Perameles. 

PLACENTALiA. Well-formcd allan- 
toic placenta, e.g. Lepus (rabbit). 


Note. VERTEBRATA may be used as roughly synonymous with craniata. 
TETRAPODA includes AMPHIBIA and AMNIOTA. 



CHAPTER XV 


THE BLASTOPORE 

The blastopore is one of the most important structures in develop- 
ment, for as a result of the processes which are entailed in its for- 
mation the fundamental architecture of the future embryo is laid 
down. Further, experimental investigations have shown that the 
region of the dorsal lip of the blastopore (which is the first part of 
the blastopore to develop) is responsible for inducing the formation 
of the neural tube out of the overlying ectoderm, and determining 
the place of formation of various organs. The blastopore itself 
introduces the first differentiation (after the establishment of the 
axis of the egg in the ovary, and of the plane of bilateral symmetry 
by the point of entrance of the sperm) in that it converts the single- 
layered hollow ball (blastula) into the double-layered bowl (gastrula). 
In those animals where the relation of the sperm’s entrance point to 
the blastopore is known (amphibia), it is found that the dorsal lip 
of the blastopore arises opposite the sperm-entrance point, and 
marks the dorsal side of the future embryo. 

In Amphioxm where there is little yolk, the rim of the blastopore 
is formed as the result of simple invagination of the vegetative 
hemisphere into the animal hemisphere. Thereafter the rim of the 
blastopore stretches backwards and the embryo increases in length. 
In Craniates, the quantity of yolk present prevents simple invagina- 
tion, and the rim of the blastopore arises either as the result of 
overgrowth (cpiboly) accompanied by invagination or some form of 
ingrowth, or by means of the formation of a primitive streak which 
bears no relation to the enclosure of the yolk. There is an increasing 
tendency for the invagination to become reduced as the quantity of 
yolk increases, and the yolk ceases to become encircled in the process 
of closure of the blastopore. At the same time, the endoderm appears 
early (one might say out of its turn), and the aperture of the blasto- 
pore becomes virtual. 

In the development of the dogfish, the egg contains so much yolk 
that cleavage is incomplete or meroblastic, and a disc of cells or 
blastoderm is formed lying on the top of the yolk. Now the important 
point to notice is that all round the edge of this blastoderm, cells 
are growing over the yolk and tucking-in underneath the upper layer 
of the blastoderm to form endoderm. In fact, the edge of the blasto- 
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derm is the rim of the blastopore, and me$oderm«cells are also:! 
proliferated /rom it. The embryo forms in front of the posterior 
edge of the blastoderm, which is the dorsal lip of the blastopore, and 
does not wait for the blastopore to close. Indeed, this takes a long 
time, for the anterior edge of the blastoderm has to grow a long way 
down and back under the yolk before it comes up underneath and 
opposite the dorsal lip to form the ventral lip of the blastopore. 


ae 



Figure 113. Views of a developing embryo of a dogfish. (After Jenkinson.) 

A from above; B, C, and D from the left side. The lips of the blastopore are 
formed from the edge of the blastoderm, ae, anterior edge of the blastoderm; 
<//, dorsal lip of the blastopore; e, embryo; v/, ventral lip of the blastopore; y, 
yolk. 

The edge of the blastoderm in the dogfish corresponds to the edge 
of the pigmented cells of the animal hemisphere in the frog, and 
this is the place where the overgrowing lip which is the rim of the 
blastopore arises in the frog also. All round the rim of the blastopore, 
the ectoderm, mesoderm, and endoderm are in contact. In the case 
of the frog, the blastopore starts a little below the equator of the 
spherical embryo, and as it grows down to latitudes nearer the 
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vegetative pole, the diameter of the blastopore naturally decreases. 
Any given point on the rim of the blastopore grows straight down 
along a meridional line towards the vegetative pole; but as the 
diameter of the blastopore decreases, any two given points on the 
rim at the start will find themselves closer together at the finish of 
gastrulation. This process is called confluence. In the case of the 
dogfish, the diameter of the blastopore (edge of the blastoderm) has 
to increase considerably until it has grown down and passed the 
equator of the yolk, whereupon it decreases again. 

It is characteristic of these lower vertebrates (fish, frog, and 
newts) that the rim of the blastopore arises along the margin 
separating the proloplasmically-rich cells of the animal hemisphere 
from the cells rich in yolk (or the undivided yolk) of the vegetative 



Figure 1 14. Views of the blastoderm of Hypogeophis, one of the Gymno- 
phiona showing the origin and closure of the blastopore. (From 
Jenkinson, after the brothers Sarasin.) 

The anterior edge of the blastoderm here docs not become the ventral lip of 
the blastopore, v/?, yolk-cel l.s seen through the blastopore. 


hemisphere: i.c., the edge of the blastoderm is the rim of the blasto- 
pore. Also, in the closure of the blastopore, the yolk becomes 
enclosed by the growth of the anterior part of this margin which 
becomes the ventral lip of the blastopore. 

This is. however, not the case in the higher forms (reptiles, birds, 
and mammals), in which there is a primitive streak. In order to 
understand the evolution of the primitive streak from the simple 
blastopore of the lower vertebrates, it is necessary to consider the 
condition in the Gymnophiona, which is more or less intermediate. 
The quantity of yolk in the Gymnophioncan egg brings about the 
formation of a blastoderm. The posterior edge of this blastoderm 
grows back over the yolk and lucks cells in beneath itself, like the 
dorsal lip of the blastopore w hich it is. Overgrowth also takes place 
at each side of the dorsal lip. and the blastopore becomes crescentic. 
Eventually the two horns of the crescent meet and the blastopore is 
then a closed circle. But the anterior edge of the blastoderm has not 
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moved, it has not grown round underneath the yolk, and it takes no 
share whatever in the formation of the blastopore. At the same time 
it is to be noticed that the blastopore is a real aperture, through 
which the yolk can be seen from the outside. The cavity which 
communicates with the exterior through the blastopore is, of course, 
the archenteron, and the lining of this cavity is the endoderm, formed 
by the activity of the edge of the blastopore. 

In the reptiles, yolk is abundant, and cleavage leads to the forma- 
tion of a blastoderm. At a place which marks the posterior end of 
the future embryo, cells are proliferated under the blastoderm, 
forming a lower layer between the blastoderm and the yolk. This 
lower layer is really the endoderm, which has been formed pre- 
cociously, probably serving the function of digesting the large 
quantity of yolk. A dorsal lip of a blastopore arises (not at the ex- 
treme hind edge of the blastoderm, but well within its margin) as a 
rim beneath which cells become tucked in and passed forwards 
beneath the blastoderm and above the lower layer. The rim of the 
blastopore extends to the sides, and so the lateral lips come into 
being. Eventually the lateral lips extend backwards, and lie parallel 
to one another. The blastopore is now slit-like, and resembles a 
primitive streak. The lateral lips of the blastopore join posteriorly, 
and the blastopore is then closed. The cells which get tucked in by 
the lips of the blastopore line a cavity which is the archenteron, so 
that here as in fish, frogs, newts, and Gymnophiona, the blastopore 
is a real aperture. The archenteron extends far forwards as the 
result of invagination, and its roof in the middle line becomes the 
notochord; on each side the roof becomes mesoderm. The floor of 
the archenteron fuses with the underlying lower layer and then 
disappears, so that the blastopore leads right down through the 
archenteron to the surface of the yolk. The walls of the definitive 
alimentary canal are formed from the lower layer, which is endoderm 
formed really before the blastopore proper can be said to exist. 

The conditions in the reptile lead on easily to those which obtain 
in birds. Here, again, the endoderm is formed precociously as a 
lower layer split off from the underside of the superficial layer of the 
blastoderm. The blastopore, however, never is a real aperture, 
because its lateral lips are fused together all along their length 
forming the primitive streak which arises in the middle of the blasto- 
derm, not at its edge. The dorsal lip is the primitive knot beneath 
which a solid strand of cells is tucked in to form the notochord. As 
the primitive streak moves backwards over the blastoderm, it pays 
in a stream of cells into the hinder end of the notochord and gives 
off mesoderm to each side. In the bird, therefore, the blastopore is 
closed from the start, and its aperture is represented only by the 
8 — v.z. 
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d^ression of the primitive pit just behind the primitive knot, and 
y by the primitive groove which runs along the centre of the primitive 
' streak. The bird’s blastopore begins where that of the frog leaves 
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Figure 115. Longitudinal sections through the blastoderm of a reptile, 

showing the origin of the blastopore. (From Jenkinson, after Will.) 

A-E, successive stages. A, precocious origin of the endoderm or lower layer 
(pd), which is in contact vsiih the upper layer of the blasiodemi at pp\ B, origin 
of the blastopore, dl, dorsal lip of the blastopore (r/. Fig. 89); C, invagination 
at the blnstoptiic to form the archenteron; the lower layer forms a continuous 
membrane separated from the yolk by the subgerminal cavity mesv, 

mesoderm formed from the lip of the blastopore; D, the archenteron (arch) 
extends a long wav forwauls beneath the upper layer of the blastoderm; yp, 
yolk-plug (r/. Fig. 75); F, fusion of the floor of the archenteron with the under- 
lying region of the lowei la>cr, and their subsequent disappearance, so that the 
archenteron communicates with the subgenninal cavity. 


off, for in the latter it vvill be remembered that the blastopore which 
was spherical becomes oval, and its lateral lips become apposed to 
one another, forming what is in fact a short primitive streak. In 
thobird, there is invagination in spite of the blastopore being closed, 
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but there is no archenteron, and the walls of the alunentary c^nal 
are derived (as in reptiles) from the lower layer. 

In mammals, the embryo develops from a primitive streak which 
develops in the middle of the embryonic shield. In some cases the 
blastopore is a real aperture, or in other words, the primitive pit 
sinks down and opens into an archenteron beneath the superficial 
layer of the floor of the amniotic cavity (corresponding to the blasto- 
derm). In others, the blastopore is reduced. The primitive streak and 
archenteron give rise to the notochord and mesoderm, and the endo- 
derm is formed from the lower layer. 

In reptiles, birds, and mammals, therefore, the blastopore either 
closes or arises already closed without the yolk becoming enclosed; 
for the anterior edges of the blastoderm do not grow down round ' 
the yolk to form any part of the rim of the blastopore. 
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It remains to say a few words about the germ-layers which are 
brought into position as a result of the formation of the blastopore 
and primitive streak. The apparent regularity with which corres- 
ponding structures appeared to arise from the same germ-layer in 
different animals led to the formulation of the germ-layer theory 
which sought to make this correspondence absolute and inevitable. 
It is now realised, however, that the segregation of the germ-layers 
does not involve the determination of the fate of the various layers, 
and many cases are known where organs are formed from the 
“wrong” germ-layers. The significance of the germ-layers is that they 
represent an essential embryonic manoeuvre in marshalling the 
material out of which the embryo will be built. They need not and 
sometimes do not correspond in different animals. 

Nevertheless, the correspondence of the germ-layers is sufficient 
to impart to them some value in the systematisation of the description 
of development in different forms. 

ECTODERM gives rise to: 

Epidermis, with horny scales, horny “teeth”, caruncles, feathers, 
hair, horns, hooves, nails, sweat-glands, nasal epithelium, 
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lateral'line organs, bar vesicles, lens, placodes, enamel, 
stomodaeum and proctodeum ; 

Neural tube, with eye-cups, ventral nerve-roots, sympathetic 
ganglia, adrenal medulla, pituitary body; 

Neural crest which gives rise to; 
dorsal-root ganglia, pigment cells, ectomesenchyme, carti- 
lages of visceral arches, dermal bones of jaws, odontoblasts, 
teeth, (?) denticles; 

Nephridia; 

Amnion and chorion (trophoblast). 

MESODERM gives rise to: 

Myotomcs and segmental muscles, lateral plate and visceral 
muscles ; 

Coelomic epithelium, somatopleur and splanchnopleur, extra- 
embryonic coelom ; 

Gonads and genital ducts, Wolffian and Mullerian, uterus, 
kidney tubules, ureter; 

Sclerotomes, mesenchyme and connective tissue, cartilages 
(other than visceral arch), bones (? other than dermal bones 
of jaws), bony scales and fin rays; 

Blood and blood-vessels, heart, veins, arteries, lymph glands, 
lymphatics; 

Adrenal cortex. 

EN DO DERM givcs rise to: 

Gut with salivary glands, visceral pouches, thymus, thyroid, 
pharynx, larynx, lungs, stomach, pancreas, liver, gall- 
bladder and bile-duct, intestine, urinary bladder; 

Yolk-sac and allantois. 

NOTOCHORD is a structure on its own. 
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CHAPTER XVI 


THE EMBRYONIC MEMBRANES 

THE YOLK-SAC. In those forms in which the quantity of yolk con- 
tained in the egg is large, the embryo is formed from a blastoderm 
on the surface of the yolk and does not wait for the latter to be 
enclosed. So it comes about that the yolk is not situated within the 
embryo, as, for example, it is in the frog: indeed, in the chick it 
would be manifestly impossible. In the heavily-yolked forms, then, 
the yolk is outside the embryo, and it becomes surrounded by a layer 
of cells which are endodermal and continuous witli those of the 
gut-wall inside the embryo. The yolk then finds itself inside a “yolk- 
sac”, which may be regarded as temporarily extra-embryonic gut. 
This sac carries a layer of mesoderm outside its (endodermal) wall, 
and blood-vessels passing between the mesoderm and cndoderm 
absorb the yolk (which has been digested) and convey it into the 
embryo. Chief among these vessels are the vitelline arteries and veins. 
Inde^, in most groups of vertebrates the wall of the yolk-sac is the 
site of origin of the blood in the form of blood-islands. 

In the fish, the function of the yolk-sac circulation is not only to 
convey digested yolk, but also to oxygenate the blood in its many 
capillaries, at the early stages of development before the gills have 
become functional. 

The yolk-sac reaches the height of its development in reptiles and 
birds; and in the Monotremes where, although mammals are ovi- 
parous, yolk is present and the yolk-sac is large. What yolk there is 
in the egg of the Marsupials is extruded, and the egg of the Placental 
mammals contains no yolk. Nevertheless, in both the last-mentioned 
groups a yolk-sac is present although it contains no yolk. 

In several groups of vertebrates, the yolk-sac may come to bear 
interesting relations to the wall of the oviduct, with which it is in 
contact if the egg is not laid but undergoes development within the 
body of the mother. The blood-vessels of the yolk-sac are in these 
cases able to absorb substances from the circulation of the mother 
(by diffusion), and such an organ of physiological communication 
between mother and embryo is a placenta. It is necessary to'specify 
the organ which forms the placenta, and a placenta derived from the 
yolk-sac is called an omphaloidean placenta, as in the Selachian 
Mustelus. 
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/As development proceeds^ and the quantity of yolk is reduced, 
the size of the yolk-sac decreases and finally it is withdrawn into the 
body through the umbilical stalk. 

THE CHORION. In fishcs and Amphibia the whole of the egg 
becomes converted into the embryo. In reptiles, birds and mammals, 
on the other hand, only a portion of the living matter formed out 
of the egg gives rise to the embryo; the remainder goes into the 
production of the embryonic membranes. The outermost of these 
is the chorion. In reptiles and birds the chorion is formed as a result 
of the upgrowth and fusion of the amniotic folds (see below), and 
represents the whole of the upper layer of the blastoderm other than 
that which goes to form the embryo and the amnion. It is to the 
inner surface of the chorion that the yolk-sac and allantois become 
apposed. 

In mammals the chorion arises ready-made as the trophoblast, 
which invests the blastocyst from the start. It is, however, customary 
in mammalian embryology only to give the trophoblast the term 
chorion when it is underlain by the outer mesodermal layer of the 
extra-embryonic cadom, the mesoderm covering the yolk-sac, or the 
mesoderm covering the allantois. Where the blood-vessels of the 
yolk-sac form a placenta, it is known as a chorio-omphaloidean 
placenta, as in the reptile Chalcules; it is the chief nutritive organ in 
the embryonic development of the Marsupials except Perameles, 
and in the “IMacental” mammals it arises early and disappears later. 

Where the blood-vessels of the allantois form a placenta, it is 
known as a chorio-allantoic placenta, as in Peramcles and all 
“Placental” mammals: often abbreviated to allantoic placenta. 

THK ALLANiois. The allantois occurs in reptiles, birds, and 
mammals, and attains its greatest dcnclopmcnt in the latter. It 
develops as an outgrowth from the hind part of the gut, and is an 
endodermal sac covered with mesoderm in which blood-vessels run. 
In amphibia it is represented by the (allantoic) bladder. In reptiles, 
birds, and Monotremes, the allantois functions as a respiratory and 
excretory organ, for wJiich it is w'cll iitted since the excretory ducts 
open into its base, and its distal portion is spread out close beneath 
the chorion and the porous shell. In the reptile ChalddeSy the 
Marsupial Peramcles, and the Placental mammals, the allantois enters 
into relations with the chorion and so with the wall of the oviduct 
(or uterus) and forms the allantoic placenta. Its function is then 
nutritive as well as respiratory and excretory. It is easy to see how 
this may have occurred in evolution by the retention of the egg 
within the oviduct and the disappearance of the shell. It is necessary 
to mention this last proviso because in some forms the egg is not 
laid; it undergoes development in the oviduct but does not lose the 
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shell. This condition, which occurs^ in the viper, is c^led ovo- 
viviparous. 

In the Placental mammals, the allantois relieves the yolk-sac in 
the formation of the placenta, and the higher the order of mammals 
the earlier does this happen. Indeed, in the highest of all, the Primates 
(including man), the mesoderm of the allantoic stalk appears frpm 
the beginning (the “body-stalk”), and the endodermal allantois 
grows into it later. In these animals the allantoic blood-vessels (the 



Figure 116 . Diagram of the relations of the embryonic membranes in the 
human embryo. (From Jenkinson, after Graf Spec.) 

A, the embryo, developed in the floor of its amniotic cavity (awe), is attached to 
the trophoblast by the mesodermal body-stalk {bst), into which the allantois is 
beginning to grow; bu, blood-vessels round the wail of the yolk-sac {ys). B, 
transverse .section through the body-stalk in the plane indicated showing allantois 
and blood-vessels. 

umbilical arteries and veins) are ready at a very early stage to trans- 
port to and from the embryo, which increases the efficiency of the 
placenta. The blood-vessels of the allantois are usually covered by 
the outermost layer of extra-embryonic ectoderm, the chorion 
in reptiles and birds, and the trophoblast in mammals. 

THE ALLANTOIC PLACENTA. The blood of the mother and that 
of the embryo are never in direct communication. The passage of 
foodstuffs, excretory and respiratory substances must therefore take 
place by diffusion through the membranes. The efficiency of the 
placenta is conditioned by the area of mutual contact between the 
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maternal ^nd embryonic circulations, and by the thickness and 
number of the intervening membranes. The area of contact can be 
increased by throwing the surfaces of the maternal and embryonic 
tissues into folds; and the intervening membranes can be decreased 
by removal or erosion of certain of the layers of the uterus. Four 
grades of structure and corresponding efficiency can be seen in the 
mammals, which will now be taken in order. 

(i) The embryonic and maternal surfaces are flat and unfolded; 
the area of contact is therefore small. However, the trophoblast 
becomes syncytial in its outermost layer, and this fuses with the 



Figure 1 17. Section through a part of the allantoic placenta of Perameles: 
embryonic tissue on the left, maternal on the right, (After HiU.) 

ai, allantois; cb, embryonic blood-vessels; em, embryonic mesoderm; mb, 
maternal blood-vessels; me, maternal connective tissue; ue, uterine epithelium 
(which has become syncytial), fused with the syncytial layer of the embryonic 
trophoblast. 

Uterine epithelium which also becomes syncytial. Substances there- 
fore have to pass through the wall of the maternal capillaries, 
through the combined syncytium of the uterine epithelium and 
trophoblast, across the intervening space and through the wall of 
the embryonic capillaries. This type of placenta occurs in Perameles, 
the only Marsupial to possess an allantoic placenta at all. It was 
probably present in the ancestors of the Marsupials, and has been 
lost in the other living Marsupials. 

(ii) The epithelio-chorial type. The embryonic and maternal tissues 
are thrown into folds; embryonic “fingers” or villi fitting into 
corresponding crypts in the uterine wall. In the pig, villi are distri- 
buted all over the trophoblast. The uterine epithelium persists. 
Substances therefore must diffuse through the wall of the maternal 
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capillaries, connective tissue, uterine epithelium, trophoblast, and 
the wall of the embryonic capillaries. Curiously enough, this type 
of placenta is found not only in certain Ungulates but also in the 
Insectivore Scalopus and in the Lemurs. 

(iii) The syndesmo-chorial type. This is similar to the epithelio- 
chorial type except that the maternal epithelium is eroded and the 
embryonic tissues are in contact with the connective tissue of the 
uterine wall. In the cow the villi are grouped together in clumps 
forming cotyledons. 


eb 



Figure 118. Section through a part of the epithelio-chorial allantoic 
placenta of the pig; embryonic tissue to the left, maternal to the right. 

The trophoblast (t) is produced into villi (v), which fit loosely into crypts (c) 
in the utenne wall, the epithelium of which (ue) persists; «/, allantois; eh, em- 
bryonic blood-vessel; ec, embryonic connective tissue; m/?, maternal blood- 
vessel; me, maternal connective tissue; glands in the wall of the uterus. 

(iv) The endothelio-chorial type. The uterine epithelium is eroded 
and the underlying maternal connective tissue is invaded by the 
developing villi of the trophoblast, so that the latter comes into 
contact with the endothelial walls of the maternal capillaries. Sub- 
stances have only to pass through the wall of the maternal capillaries, 
the trophoblast, and the wall of the embryonic capillaries in order to 
diffuse through the placental barrier. This type of placenta occurs 
in carnivora (cat and dog), and is restricted to a zone of the 
trophoblast, whence its name zonary. 

8 * 
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(y) The h«mo-<a!orial type. Tfie epithelium bf the uterus is re- 
moved, but the underlying connective tissue is not invaded as in the 
carnivores; instead the trophoblast is very much thickened and then 
hollowed out here and there to form lacunae. The remaining pro- 
jections from the trophoblast are called pseudovilli to distinguish 
them from the true villi which are definite outgrowths. The maternal 
blood-vessels are “tapped” by the very thorough erosion of the 
uterine wall, and the blood flows out of them and into the lacunae in 
the trophoblast. The pseudovilli are therefore bathed in the blood 
of the mother, and the substances have only to pass through the 
trophoblast and the wall of the embryonic capillaries to enter into 



Figure 119. Section through a part of the cndothelio-chorial allantoic 
placenta of the cat; embryonic tissue to the left, maternal to the right. 

Letters as Figure 118. 

the embryonic circulation. This is the highest type of placenta, and 
it is found in Rodents, Inscctisores, Cheiroptera, and Primates other 
than Lemurs, i.c., in the rabbit, mouse, bat, shrew, hedgehog, mole, 
Tarsiiis, monkey, ape, and man. This t> pc of placenta occupies a disc- 
shaped region of the trophoblast, whence its name discoidal (Fig, 1 1 1). 

At birth, the allantois and placenta arc nipped off from the 
embryo; and the placenta separates from the uterus, and is expelled 
as the “aftcr-birth'\ In the carnivores (type iv) this entails a certain 
amount of loss of maternal tissue; in the others the mother only 
loses blood, in PerameJes, on the other hand, the placenta is ab- 
sorbed by the uterus. 

It must be remembered that as well as being an organ of exchange 
between mother and embryo, the placenta functions during early 
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stages of development as a reguktor 6f mefibolism of substances 
such as glycogen. Later on, this function is taken on by the liver of 
the embryo. 

The placenta also secretes a gonadotropic hormone which, at 
least in some mammals, plays an important part in preventing 
premature cessation of the pregnancy. 

THE AMNION. The amnion is found only in reptiles, birds, and 
mammals. All these animals differ from the fish and amphibia in 
that the eggs are laid on dry land and not in water. The amnion is 
formed by folds of the extra-embr>'onic ectoderm and underlying 
mesoderm which rise up on all sides of the embryo and meet above 
it. The inner layer so formed enclosing the amniotic cavity is the 
amnion proper; the outer layer is the chorion. In the reptiles and the 
Monotremes, the fusion of the folds above the embryo is not com- 
plete, so that the amniotic cavity is not quite closed. In the birds, 
the amniotic cavity is closed, but it opens again later (at the sero- 
amniotic connexion). 

In the mammals, there are two principal types of amnion-forma- 
tion. In the one type, of which the rabbit is characteristic, the 
embryonic plate comes to the surface of the blastocyst by the dis- 
appearance of the overlying trophoblast (cells of Rauber), and the 
amniotic folds rise up on each side of the embryo from the edge of 
the embryonic plate. This method of formation of the amnion is very 
similar to that which holds in birds; the chorion of the latter corres- 
ponds to the trophoblast of the mammals. The only difference is the 
fact that the trophoblast in the mammal formed a complete investment 
at the earliest stage. 

In the other type, of which the mouse is an example, the amnion 
arises as a cavity hollowed out in the inner mass of cells, within the 
trophoblast. This method is called amnion-formation with entypy 
of the germ. In this case, there are no amniotic folds, and the tropho- 
blast (which forms a complete investment, as in the rabbit) docs not 
become interrupted by any disappearance of Rauber’s cells. When 
the amniotic cavity is formed in the mouse or man, the embryo 
becomes differentiated on its floor. The mouse and man therefore 
start from a condition which the reptiles do not reach until a fairly 
late stage of development, when the amniotic folds have been 
formed. 

The amniotic cavity contains fluid, and this enables the embryo to 
develop in a fluid medium, although its egg was not laid in water. 

It is interesting to note how in the higher vertebrates certain pro- 
cesses take place as if they were abbreviations of the conditions 
which prevail in lower vertebrates. To start with, the primitive streak 
which is the beginning in higher vertebrates, represents a stage which 
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the lower vertebrates only reach after the blastopore has formed, 
and become closed by the apposition of its lateral lips. Similarly, the 
mammal with a hollowed-out amniotic cavity within the trophoblast 
starts from a condition which the reptiles and birds reach after the 
upgrowth and fusion of the amniotic folds. Not only this, but in 
such mammals the amniotic cavity arises first and the embryo forms 
in its floor; whereas in the reptiles and birds the embryo forms first 
and the amniotic folds arise afterwards. This process of “short- 
circuiting” and telescoping of developmental processes reaches its 
climax in the Primates, where the body-stalk develops first and &e 
allantois grows into it later. In lower mammals as well as in reptiles 
and birds, the allantois grows out from the hind-gut at a fairly late 
stage. In the Primates, the conditions are as if everything were first 
got ready for the embryo, after which it makes its appearance. This 
is not without interest in connexion with the superior organisation 
and differentiation of the highest mammals, for this superiority in 
construction is dependent on a prolonged and intense period of 
embryonic development, when the efficiency of the embryonic mem- 
branes and placenta is of the utmost importance. 
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CHAPTER XVn 


THE SKIN, AND ITS DERIVATIVES 

The skin forms the outermost layer of the body, and its functions 
are protective, excretory, and sensory; for all information which the 
animal receives concerning the outer world must conie through the 
skin. Correlated with these functions, it is found that the constituents 
of the skin may undergo various modifications. 

The skin is formed of an outer ectodermal layer, the epidermis, 
and an inner mesodermal layer, the dermis. In Amphioxus the 
epidermis is only one-cell thick (as in most invertebrates); while in 
all Craniates it is several layers of cells in thickness. Of these, the 
innermost form the stratum germinativum (or stratum Malpighi) 
which constantly produces new cells, while the outermost layers tend 
to become horny forming the stratum corneum. As the cells become 
horny the protoplasm within them dies, and they become worn away 
by friction with the environment and replaced from the stratum 
germinativum. In many reptiles and amphibia, it is common for the 
superficial layer of the epidermis (overlying the horny scales) to be 
sloughed off all at once and replaced. 

The epidermis may be ciliated in early stages of development in 
the lower forms, such as Amphioxus and the frog tadpole. 

The epidermis covering the eye becomes very thin and transparent 
forming the conjunctiva. Sensory cells are present in the stratum 
germinativum, and it will be remembered that the sensory epithelium 
of the nose, of the eye, the ear, the lens and the placodes which 
contribute nerve-cells to the cranial ganglia, are all formed from the 
epidermis. 

The skin excretes by means of glands which may be composed of 
single cells or many cells. Examples of the latter are to be found in 
the mammary, sebaceous, and sweat-glands of the mammals. These 
glands arise in the epidermis and project inwards into the underlying 
dermis. In some animals the glands may be modified into poison- 
glands; and in deep-sea fish they may produce a luminous secretion. 

In the embryos of some Teleost fish and some Amphibia, the skin 
of the snout secretes a “hatching enzyme” which digests the over- 
lying egg-membrane and enables the embryo to hatch. 

The epidermis may be modified into a variety of structures such 
as homy scales (comeoscutes) which are present in reptiles, birds 
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(chiefly on the feet) and mammals (all over the body of the Pangolin, 
at the base of the tail of the rat). Th^ epidermis also gives rise to 
V feathers which are characteristic of birds (see p. 190); hairs which are 
^^characteristic of mammals (see p. 201); the termination of the digits^ 
which may take the form of claws, nails, or hoofs; and the homy 
covering of the beak in tortoises and birds. The “horns” of cattle 
are formed of a layer of epidermal horn overlying a central dermal 
bony core. The horn of the rhinoceros is made of fused hair. Special 
epidermal structures on the edge of the mouth of Petromyzon, frog 
tadpoles, and Ornithorhynchus^ give rise to the so-called “horny 
teeth”, which have nothing to do with true teeth. Somewhat similar 
is the horny projection or caruncle on the upper jaw or snout of 
embryos of Sphenodon, Crocodilia, Chelonia, birds, and Mono- 
tremes, by means of which the embryo cracks the shell and hatches. 
Lastly, the epidermis produces the cap of enamel which forms a 
covering to the dentine of denticles and true teeth. 

Hairs and feathers are commonly moulted at intervals and 
replaced. 

The dermis forms the leathery layer of the skin. It contains blood- 
vessels which serve to supply the cells of the epidermis as well as 
those of the dermis, and especially the papillae at the bases of hairs 
and feathers, and the glands. In amphibia this dermal circulation 
also serves respiratory purpo.ses, and in the mammals it forms part 
of the mechanism for regulating the heat of the body. In amphibia 
the dermis is separated from the underlying muscles by lymph-spaces, 
but in higher forms the skin is firmly attached to the muscles by 
connective tissue. In higher forms, special muscles arise in connexion 
with the dermis. Some of them are attached to scales, feathers, or 
hair-follicles, which they mo\c. It is by the contraction of these 
(smooth) muscles in mammals that hair is made to “stand on end”, 
and the puckering of the skin round the hair-follicles gives rise to 
the condition known as “chicken-skin''. 

In addition to these dermal muscles, there are in the higher forms, 
and especially in the mammals, sets of muscles beneath the skin and 
which move the skin as a whole. The panniculus carnosus muscles 
are in the region of the trunk and they serve to shake the skin. (They 
are of somatic origin.) In the head and neck regions the platysma 
muscles (of \isceral origin) move certain parts of the skin such as the 
lips, eyebrows, and ears. In man, these are the muscles of expression. 
The smooth dermal muscles arc innervated by sympathetic fibres, 
the panniculus carnosus by ventral nerve-roots, and the platysma : 
by the facial nerve. 

Just as the cells of the epidermis seem to be prone to the production 
of horn and horn-like structures, so the cells of the dermis seem to 
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run to the formation of bone and dentine. Dentine is the substance 
of which denticles and teeth ^re formed, under the epidermal cap of : 
enamel. The bone produced in the dermis takes the form of dermal 
or membrane-bone, bony scales, or fin-rays Oepidotrichia), In - 
Selachii the dermis forms dentine but no bone. 

Dermal bones are widely distributed over the body in forms above 
the Selachii. They play an important part in the formation of the 
skull, and of the pectoral girdle. In some animals, the body may be 
entirely covered by an armour of bony plates, as in the Labyrintho- 
donts, or the armadilloes. These bony plates are osteoscutes, and 
remnants of them are to be found in the carapace and the ventral 
shield (or plastron) of the tortoise, and in the so-called abdominal 
ribs or gastralia of Sphenodon, crocodile, Plesiosaurs, Ichthyosaurs, 
Pterosaurs, and Archceopteryx (see Fig. 160). Osteoscutes are also 
present in Gymnophiona, lizards, and crocodiles. 

In the fish, the dermal bones come into relation with the overlying 
denticles, forming complex scales. In the Osteolcpidoti and primitive 
(extinct) Dipnoi, the denticles have fused together forming a layer of 
“cosmin”, and this is attached to the underlying bony plate, which 
forms the so-called “isopedin” layer. This is the “cosmoid'’ scale. 

In the primitive (extinct) sturgeons (the Palaeoniscoidea) and in 
Polyplerus, the layer of cosmin is not only covered by bone under- 
neath (the isopedin), but also on top, the superficial layer of bone 
being called the ganoin. This type of scale is called paliconiscoid. In 
Lepidosteus the structure of the scale is similar, but the layer of 
cosmin has disappeared, and the scale consists simply of a layer of 
ganoin overlying a layer of isopedin. This is the lepidosteoid type of 
scale. The pala^oniscoid and lepidosteoid scales arc of course beneath 
the epidermis since the layer of ganoin (bone) is a dermal structure. 
The epidermis overlying these scales may possess true denticles. 
It is also worth noticing that the structure of the dermal bones 
and of the dermal fin-rays (lepidotrichia) in a given animal tends 
to be identical with that of the scales. 

In the higher bony fish or Tclcosts, the scales lose the layer of 
ganoin. The scales form in the dermis, but the bone-cells become 
lost and the scales are very thin. It is obvious that these dermal scales 
together with the dermal scales of Gymnophiona and lizards 
(osteoscutes) must not be regarded as having anything in common 
with the epidermal scales (corneoscutes) of higher forms. Dermal 
scales are retained throughout life; epidermal scales and, denticles 
are shed. 

Other examples of dermal ossifications are to be found in the bone 
(os comeum) which forms the core of the “horn” of cattle, and 
which becomes attached to the frontal bone of the skull. Similar 
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little bones fonn the knobs on the head of the giraffe, while large 
bony structures in this position give rise to the antlers of deer. 
Antlers arc restricted to the males, they may be forked, and they arc 
vshed every year. The size of the antler often bears an interesting 
relation to the size of the body (see p. 413). Horns, on the other hand. 



Figure J20. Sections through the skin Scyllium embryos, showing the 
mode of development of the placoid scales or denticles at successive 
stages from A to E. 

df dentine; e, cetodcim; rr, modified ectoderm cells which produce the ename]; 
enamel; w. mesoderm; o, odontoblasts, cells which produce the dentine; 
pc, pulp-cavity. 

may be present in both sexes, and, except in Antilocapra (the 
American prong-buck), they are neither forked nor shed. 

Lastly, when dealing with the skin, mention must be made of 
colour. Pigment-cells may occur in the epidermal and the dermal 
layers of the skin. In some cases, the pigment-cells are capable of 
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altering the distribution of their pigment, with the result that the 
animal may change colour (as, for example, the frog, or the chamaj* 
leon). Pigment may also be present in feathers and in hair, but in 
these structures the texture of the surface may also produce effects 
of colour without any pigment being there. 
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CHAPTER XVIII 


THE TEETH 

Teeth and the denticles (or placoid scales) of the dogfish are identical 
in that they consist essentially of a hollow cone of dentine, inside 
which is a pulp-cavity, and outside which is a layer of enamel. The 
dentine is formed from odontoblasts in the skin, and the enamel is 
produced from the overlying ectoderm. In the Amphibia, at least, 
it has been shown that the odontoblasts are ectomesenchyme cells 
derived from the neural crest. The denticle or tooth is formed below 
the surface of the skin, and is subsequently erupted through it. In the 
dogfish the denticles are not restricted to the borders of the mouth, 
but occur all over the surface of the body. In a few bony fish such as 
Polypterux, Lepidosteus, and catfish, denticles also occur over the 
surface of the body; but in the remainder, and all higher vertebrates, 
teeth arc restricted to the mouth. In addition to those on the pre- 
maxilla, maxilla, and dentary, teeth may be carried by the prevomer, 
parasphenoid, palatine, pterygoid and splcnial in lower vertebrates; 
in the bony fish teeth may even be carried on the branchial arches. 
In Selachians, the teeth are loosely attached to the underlying 
skeleton by connective tissue. In bony fish, they are firmly fixed on 
to the underlying bone by “cement”, a modified form of bone, 
which is absorbed when the tooth is shed. In some cases the teeth 
may be hinged. In higher forms the bone grows round the base of 
the teeth, which thus come to lie in grooves (pleurodont) or sockets 
(thecodont). In Sphenodon and Chama’ko the teeth are fused on to 
the edge of the bone (acrodont condition) and are not replaced. 

The teeth of Ostcolcpidoti and of the earliest amphibia are 
peculiar in that their walls arc thrown into folds, giving a characteris- 
tic appearance when seen in section, and which is responsible for 
the term Labyrinthodontia which is applied to the earliest amphibia. 
In snakes the teeth may be grooved or even hollow and converted 
into poison-fangs. The poisonous secretion passes in the groove or 
tube and is inserted as with a h>podermic needle into the tissues of 
the prey. 

Living Chclonia have no teeth, but they were present in the 
primitive fossil Triassoclwlyx. The same applies to birds, which are 
toothless today, but which originally possessed teeth, as is shown by 
the fossil Archiropiery.x and others. 
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The teeth of mammals and of those extinct rutiles which were <hi 
the mammalian line of descent differ from those of other vertebrates 
in that they are not all similar, but differ in shape in the vanous 
regions of the mouth. This condition is called heterodont, as opposed 
to the homodont condition when the teeth are all similar. 




Figure 121. Transverse sections through the lower jaw of mammalian 
embryos showing the development of the teeth. 

A, early stage, the dental lamina (dl) has grown in from the ectoderm; B, a 
tooth-germ has been formed on the dental lamina, the cclfs of which (ectodermal) 
produce the enamel (e); beneath the enamel the odontoblasts pioduce dentine 
(dn). C, the development of the hrst or milk-tooth (mt) is nearing completion; 
beneath it the dental lamina has formed another tooth-germ which will produce 
a permanent tooth (p/); the dentary bone (d) encloses the teeth in a socket. 
fm^ floor of the mouth; I, lip; Me, Meckel’s cartilage; mp, odontoblast papilla; 
pr, pulp-cavity; r, tongue. {Cf, Method of development of the denticle, hig. 120.) 

The most anterior teeth arc the incisors, and (except in some 
Marsupials) they are never more than three in number or| each side 
in each jaw. In the upper jaw they arc carried on the prcmaxilla. 
Next come the canines, the premolars, and the molars. The molars 
diifer from the premolars in that there is only one set of them, 
whereas the premolars are represented by a lacteal or “mUk’* 
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dentitioa followed by a permanent set which replaces them. In a 
few mammals, such as the toothed whales, the teeth are all similar^ 
but this is a secondary and degenerate condition. 

Another difference between the teeth of mammals and those of 
other vertebrates lies in the fact that they arise in two sets, or, in 
other words, they are replaced once only (except for the molars 
which arc not replaced at all). Other vertebrates have perpetual 
replacement of teeth as and when the existing ones wear out. The 
mammalian condition is called diphyodont, that of other vertebrates 
polyphyodont. However, it is probable that the two sets of teeth of 
the mammal are not to be regarded as simply an abridgement and 
reduction of the many sets of teeth of, say, the crocodile, for the 



A, inner side of one half of the upper jaw, showing the rows of reserve teeth; 
B, section through the lower jaw; the smallest teeth are the most recently formed. 
A/e, MeckePs tariilagc. 


following reason. The ectoderm, which sinks down beneath the sur- 
face of the skin of the mouth to produce the enamel, forms a long 
band extending parallel to the edge of the jaw, known as the dental 
lamina. The rudiments of the teeth appear on the outer side of the 
dental lamina in two families; one from the middle of the side of the 
lamina, and the other front its base. The teeth formed by one family 
of rudiments grow up and arc intercalated between the teeth formed 
by the other family. When, in the crocodile, for example, a tooth has 
been formed, another tooth arises beneath it from the same rudiment, 
and this second tooth will c\cntually push out and replace the first. 
But any given tooth is only replaced by a tooth belonging to its own 
family, and which has arisen from the same part of the dental lamina. 
In the mammal there arc the same two families of tooth-rudiments, 
but each rudiment gives rise to one tooth only. Further, owing to 
the reduction in size of the jaw, there is not room for both families 
of teeth at the same time. One family appears first, and gives rise to 
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the lacteal or “milk” dentition. Later on, tbb other family appears 
and forms the permanent dentition which pushes out and replaces 
the lacteal teeth. In the mammal, therefore, a replacement is effected 
by a tooth of one family displacing a tooth of the other family; in 


e 



Figure 123. Diagrams showing the relation of the mammalian to other 
modes of tooth-succession. (After Bolk.) 

A, diagrammatic view of the outer .side of the dental lamina (JI) of the lower 
jaw, showing the alternation between tooth-germs at the side (.9) and at the base 
(6) of the dental lamina. B, diagrammatic representation of tooth-rcpiacement 
in reptiles; the teeth formed from the tooth-germs at the side of the dental 
lamina are shaded : those formed from the tooth-germs at the base of the dental 
lamina are white; the tooth-germs produce several teeth, which replace other 
teeth formed originally from the .same tooth-germ as themselves. C, diagram- 
matic representation of tooth-replacement in mammals; each tooth-germ pro- 
duces one tooth only, and the teeth fofTned f rom the tooth-germs at the ba.se of 
the dental lamina replace those formed from the tooth germs at the side of the 
dental lamina, e, ectoderm. 

the other vertebrates replacement is brought about by the displace- 
ment of a tooth by another tooth belonging to the same fapiily. It is 
probable that the molars belong to the permanent family, the corres- 
ponding lacteal teeth having been suppressed. 

The Marsupials have a peculiar mode of reproduction in that the 
young are bom very early and in a very undeveloped condition- 
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They are attached to the nipples of the mother and continue their 
development in her pouch, or marsupium. During this period no 
teeth are required, and it is found that in Marsupials the lactea|. 
d^tition is reduced; in fact only one tooth (the third premolar) isi^ 
replaced. That this is a secondary reduction is proved by the fact 
thdt in extinct forms replacement took place in more of the teeth. 
There is another point of interest in the teeth of the Marsupials, 
which refers to the fact that they are the only mammals in which 
more than three incisors are found on each side. The probable ex- , 
planation is that in this region of the mouth, the teeth of one family 
are not replaced by the teeth of the other, but that both families of 
teeth are erupted together, the members of the two families inter- 
calated as in the crocodile. Behind the canine, however, the families 
of teeth replace one another as in other mammals. The marsupials, 
then, are intermediate between the reptiles (simultaneous presence 
of teeth of both families all over the jaw with complete intercalation) 
and the higher mammals (no intercalation of teeth of the two 
families). 

The primitive shape of the molar teeth in the mammal is three- 
cusped or trilubcrcular in the upper jaw, while those of the lower jaw 
have three cusps and a posterior ‘‘heel” or talonid, and are called 
tuberculo-sectorial. The three cusps of the upper teeth form a 
triangle or “trigon”, with the apex pointing inwards; the three cusps 
of the lower teeth form a “trigonid”, with the apex pointing out- 
wards. They arc so arranged by this means that the teeth of the upper 
and those of the lower jaw fit into and work against one another. 
This type of molar was evolved from the primitive reptilian type in 
which each tooth had but one cusp. The original cusp is represented 
by the outer cusp of the trigonid in the lower molars, while in the 
upper molars the original cusp has been split into two and is repre- 
sented by the two lateral cusps of the trigon. The remaining cusps 
and the talonid were subsequently developed in relation to the “fit” 
of the teeth on one another. The number and arrangement of the 
cusps may be much moditied in the diiferent groups, but the primitive 
forms of most groups of mainnials have molars of this tritubercular 
and tubcrculo-scctorial type. 

When the cusps remain separate as in the pig, the tooth is called 
bunodont. In other forms, the cusps may be joined to one another 
by ridges running at right angles to the length of the jaw, as in the 
tapir (lophodont condition). In others, again, the cusps are splayed 
out to form crescents running in the line of the length of the jaw, as 
in the camels (selenodont condition). 

It is characteristic of mammalian molars to have divided roots or 
“fangs”. 



THE TEETH 


231 



Figure 124. Types of teeth (the different teeth are not drawn to the same 

scale). 

A, longitudinal section through a human molar, showing: c, cement (here 
restricted to the base of the tooth); dentine; enamel; pc, pulp-cavity; 
r, roots or fangs; such a tooth is short and low in the crown, and confoims to 
the type called brachyodont. B, longitudinal section through a premolar of the 
horse; cement, dentine and enamel all enter into the composition of the crown 
of the tooth, and as the hardness of these substances differs, they arc worn away 
to different extents; such a tooth is long and high in the crown, and conforms 
to the type called hypsodont. C, longitudinal section through the incisor of a 
rabbit, showing the open (’‘rootless”) pulp-cavity or persistent pulp (pp). 1>, 
view of the crown of an upper molar of a pig, showing the separate cusps 
characteristic of bunodont teeth. E, crown of an unworn, F, crown of a worn 
lower molar of a camel, showing the crescent-shaped ridges joining the cusps, 
characteristic of seicnodont teeth. G, crown of an unworn, H, crown of a worn 
lower molar of a tapir, showing the transverse ridges joining the cusps, character- 
istic of lophodont teeth. I, inner side view of a trhubcrcular (upper) molar, in 
relation to J, a tuberculo-sectorial (lower) molar; r, talonid. K, diagram of the 
relative positions of the cusps of tritubcrcular molars (dotted lines) of the upper 
jaw, and tuberculo-sectorial molars (full lines) of the lower jaw; an, anterior side; 
ou, outer side. L, simple peg-like tooth of a reptile. 
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Normally, a tooth grows to a certain size (not very big), and after 
that the pulp-cavity becomes almost closed at the base. Such a tooth 
may have one or more “roots” or fangs, and when these have 
ibrmed, the tooth ceases growing. This is the brachyodont type, the 
name being derived from the fact that the teeth are comparatively 
short, and as a rule their possessors do not make use of them for 
grinding hard materials. Where the diet consists of resistant material 
which requires grinding, and in other cases where the teeth are sub- 
jected to hard wear, the pulp-cavity remains widely open at the base, 
and the teeth are capable of continuous growth. These teeth are 
described as being “rootless”, or possessing persistent pulps, and 
from the fact that they are usually long, this condition is known as 
hypsodont. Examples of hypsodont teeth are to be found in the 
prcmolars and molars of the horse, the incisors of the rabbit, the 
incisors (tusks) of the elephant, and the canines of the boar, to 
mention only a few. 

In the carnivores (cats and dogs) one tooth in each jaw on each 
side becomes enlarged and modified for tearing flesh, forming the 
so-called carnassial tooth. It is the last premolar (4th) in the upper 
jaw and the first molar in the lower jaw. Other carnivores (bears and 
seals) do not have the carnassial tooth well developed. 

In addition to dentine and enamel, it is common for the teeth of 
mammals to have a complete or partial covering of bone which is 
called “cement”. This may be restricted to the roots of the teeth, as 
in man, or it may form a complete covering over the crown before 
the tooth is erupted, as in ungulates. After the tooth has been erupted 
and projects above the gums, it is subjected to wear, and its different 
constituents become worn away according to their softness. The 
hardest substance is the enamel, and next comes the dentine, and 
lastly the cement which is the softest. The result of the unequal wear 
in teeth like those of the elephant or of some rodents is that the 
crown is not smooth but becomes ridged like a file, and such teeth 
are as etiicient as mill-stones grinding against one another. 

In some of the Edentates (sloths and armadilloes) the teeth have 
no enamel, while in others (ant-eaters) and in some whales there are 
no teeth at all. 

In the embryos of Laccriilia, Ophidia, and Monotremes it is usual 
to find that the foremost two teeth or a single tooth of the upper jaw 
arc precociously formed, enlarged, and directed forwards so that 
they project beyond the mouth and can pierce the embryonic mem- 
branes and the shell, thereby enabling the embryo to hatch. Such 
“egg-teeth” are not to be confused with the epidermal caruncles 
found in other forms. Both are present in Monotremes. 

There is no difficulty in tracing the teeth of vertebrates back to the 
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denticles of the Selachians, and of son^c of the Ostracoderms. It has 
been suggested that denticles also gave rise to dermal bone by fusing 
together. This is very in^robable. Denticles are composed not of 
bone but of dentine, which differs from bone in that the cells which 
secrete it do not remain in it but migrate out. Denticles arc often 
found attached to true scales or dermal bones, but these are developed 
independently from the denticles. 

It can be said that the dermal bones and scales develop in relation 
to the denticles, but not from them. 

The so-called teeth of Petromyzon, of Ornithorhynchus, and of the 
tadpole of the frog are epidermal homy structures, and have nothing 
whatever in common with the true teeth. 
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THE CCELOM AND MESODERM Y 
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In Amphioxus and all Craniates the most dorsal mesoderm is seg- ^ 
mented into somites. These each contain a portion of ccelomic cavity 
called myocccl, which persists in Amphioxus, but becomes obliterated 
in higher forms. The median wall of the myocccl is thickened and 
produces the myotome: a plate of muscle with striated fibres, inner- 
vated by somatic efferent fibres (voluntary) through the ventral 
nerve-roots. The outer layer of ccelomic epithelium lateral to the 
myocccl gives rise to the dennatome or cutis-layer, beneath the skin. 
On the median side, the myotome also produces the sclerotome. In 
Amphioxus this is in the form of a hollow outgrovrth, but in higher 
forms it is composetl of mesenchyme. It gives rise in Craniates to the 
basidorsal and basivcntral elements which go to make up the verte- 
bral column. 

The dorsal segmented portion of the mesoderm is known as the 
vertebral plate. The more ventral portion of the mesoderm arises 
segmentally in Amphioxus, each segment separated from the ones in 
front and behind by septa. These septa, however, break down, and 
the ventral ccelomic cavity or splanchnocccl is continuous from 
end to end of the animal. This condition arises from the first in the 
Craniates, where the nicsodcrm in tliis region, known as the lateral 
plate, is not segmented. The outer wall of the splanchnocccl becomes 
applied to tiie body-wall, and the inner wall covers the gut-wall. 
The separation between right and left splanchnocccl usually breaks 
down ventrally, but persists dor.sally as the mesentery which suspends 
the gut. The muscles which the ccelomic epithelium of the splanch- 
noccel produces arc smooth, incoluntary, and innervated by the 
autonomic ncr\ i>us system, e.vcept for those which are situated in the 
anterior region of the body, in connexion with the gill-slits. The gill- 
slits pierce through from the gut to the outside in the region of the 
lateral plate; between the gill-slits, in the visceral arches, the lateral- 
plate mesoderm gives rise to the muscles which move the arches, 
including the jaws. These muscles are striated and voluntary, but 
they are not myotomic, and they are innervated by visceral efferent 
fibres through the dorsal roots of the cranial nerves. 

Between the myoccels and the splanchnocoels there are typically 
little hollow stalks, through which at early stages the cavities of the 
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latter can communicate with t^iose of the former. They are segmental 
in arrangement. In Amphioxus, these regions of the ccelom represent 
the future gonads, and are called the gonotonies with their cavities 
the gonoccels. In the Craniates, they are called the nephrotoraes (or 
intermediate cell-masses); the cavities (communications between the 
myocoels and the splanchnocoel) are the nephrocoels, and they give 
rise to the tubules of the kidneys and associated structures, eventually 
losing connexion both with myocoels and splanchnocoel. 

In Amphioxus the splanchnocoel is continuous from end to end of 
the body as in the Ammocoete, for the transverse septum in which the 
ductus Cuvieri crosses over from the body-wall to the gut-wall is 
not large. In Selachians, the transverse septum separates an anterior 
pericardial cavity from a posterior peritoneal or perivisceral cavity, 
leaving only very small communications between them in the form 
of the pericardio-peritoneal canals. In higher forms the separation 
between pericardial and perivisceral cavities is complete. Beginning 
in the Dipnoi, the pericardium becomes thin-walled and projects 
backwards into the perivisceral cavity. 

All viscera are morphologically outside the ccelomic cavity and 
only suspended in it by a bag of coelomic epithelium which forms a 
double membrane or mesentery. So the gut is suspended by the 
dorsal mesentery from the roof of the perivisceral cavity, and be- 
tween the two membranes composing it there pass the arteries from 
the dorsal aorta to the gut. The gut and liver are connected by the 
lesser omentum, through which the bile-duct runs from the liver to the 
anterior portion of the intestine. The lungs in amphibia are of course 
covered over by coelomic epithelium (pleura) which is continuous 
with the ordinary lining of the perivisceral cavity round the stalk of 
the lungs. In some reptiles, the coelomic epithelium covering the 
lung is also attached to the roof of the perivisceral cavity forming the 
accessory mesentery, and attached to the liver below by the pulmo- 
hepatic ligaments. On each side of the dorsal mesentery therefore 
there is a recess, the pulmo-hepatic recess, bounded on the median 
side by the dorsal mesentery and stomach, laterally by the accessory 
mesentery and pulmo-hepatic ligament, and below by the liver. 
Owing to the curvature of the stomach and the return of the anterior 
portion of the intestine to form the loop of the duodenum, the 
pulmo-hepatic recess of the right side comes to form a pocket, the 
omental cavity. This pocket communicates with the general peri- 
visceral cavity by an opening the front edge of which is f9rmcd by 
the hind border of the accessory mesentery and pulmo-hepatic 
ligament. Along this edge runs the inferior vena cava. The hind 
edge of the opening is formed from the dorsal mesentery and 
lesser omentum and along the latter run the bile-duct, the portal vein 
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and the h^atic artery. The openmg is the primitive foramen of 
Winslow. 

In the birds, the conditions start similarly with regard to the 
accessory mesenteries and the pulmo-hepatic ligaments, but the 
latter in addition are connected to the side wall of the perivisceral 
cavity. In this manner the oblique septa are formed, which separate a 
pair of dorso-lateral pleural cavities (into which the lungs project) from 



Figure 125. lYaiisvcrsc section through the trunk of an embryo of Lacerta^ 
showing the relations of the calom. 

Wfij, accessory mcscnteiy; </<;, dorsal aorta; thu, dorsal mesentery ; J?, falciform 
ligament; gut; /, liver; In, lung; /<?. lesser omentum; w, notochord; nc, nerve- 
cord; phi, pulmo-hcpatic ligament; phr, pulmo-hepatic recess. 


the perivisceral cavity. The latter is further obstructed by the post- 
hepatic septum which connects the gizzard to the floor of the cavity. 

The mammals are characterised by the presence of the diaphragm. 
This is formed partly from the transverse septum which separates 
the pericardial cavity from the rest, and partly from coelomic 
epithelium in connexion with the mesentery and the folds in which 
the kidneys hang down from the roof of the perivisceral cavity. By 
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this means the pleural cavities (already separated from the peri- 
cardial by the transverse septum) are separated from the remainder 
of the perivisceral cavity. But it is important to note that the pleural 
cavities of the mammal are formed in an altogether different manner 
from those of birds. 



prir 

Figure 126. Transverse section through the trunk of a bird showing the 
relations of the coelom. 

as, air-sac; os, oblique septum; pc, pleural cavity; v, vertebra; other letters 
as Fig. 125. 

Anterior to the diaphragm in mammals therefore there are three 
coelomic spaces; the pericardial and the two pleural cavities. The 
diaphragm contains striped myotomic muscles innervated by the 
phrenic nerves. Originally the heart and the transverse septum were 
far forward in the body in the region of the neck, from the spinal 
nerves of which the phrenic nerve arises. Later in development the 
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heart and tramversc septum become shifted backwards, with the 
result that the phrenic nerves have long courses to run from their 
origin in the neck to the diaphragm. The diaphragm is pierced by the 
gut, aorta, and the inferior vena cava. 

In many mammals, the dorsal mesentery supporting the stomach 
from the roof of the perivisceral cavity becomes drawn out into a 
double sheet of coclomic epithelium, which overlaps the transverse 
colon of the large intestine on the ventral side. Eventually this sh^t 
may fuse with the mesentery suspending the large intestine (meso- 
colon). This extension, which is called the great omentum, brings 
about an increase in size of the omental sac, on the wall of which 
fat is often deposited. 

The MLlllerian ducts or oviducts and the uterus are suspended by 
mesenteries, called mesometria, and which are of interest in deter- 
mining the relation of the implanted blastocyst to the walls of the 
uterus. The mesentery supporting the testis is called the mesorchium, 
that supporting the ovary the mesovarium. 

Coelomic cavities are always lined by mesodermal tissue. In 
Amphioxtis, the coelomic cavities of the somites, when they arise, are 
in open communication with the gut, and are hence known as entero- 
coels. In higher forms, the cadomic cavities appear as splits in the 
mesoderm, without communicating with the gut. These cavities are 
known as schizoca'ls. The method of origin is not of much import- 
ance, but it is important to realise that all cavities which arise, either 
as subdivisions of, or outgrowths from, enterocoels and schizocoels, 
are calomic. So the cavities of tlie pericardium, of the kidney- 
tubules, of the Wolllian and Mullerian ducts, of the gonads in 
Amphioxus, are coelomic. On the other hand, no cavity is coelomic 
which docs not arise in this way. The ca\itics of the blood-vessels are 
not citlomic, although their walls arc composed of mesodermal 
tissue. Cavities lined by tissue other than mesoderm, such as those 
of the atrium of Amphioxus, ner\e-tubc, nephridia, amnion, gut, or 
blastocccl, are, of course, not coclomic. 

The cadomic cavities originally probably opened to the outside in 
each segment for the purpose of freeing the germ-cells. Something 
like this happens in Aniphioxus, where also the left anterior head- 
cavity opens into the preoral pit. Rarely, in higher forms, the cavities 
of the prcmandibular somites may open into the hypophysis. Com- 
parable “proboscis porcs“ (see p. 31 1) occur in Balanoglossus and 
its allies, and in the Echinodermata. In the Craniata, the splanchno- 
coel may communicate with the outside, through the genital pores 
via tlic cloaca as in Petromyzon, through the abdominal pores as in 
Scyllium, or through the Mullerian ducts. 

Mention must be made of the fact that in some cases the electric 
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difference df potei^iai whfch always accompanies muscular activity 
has been specially increased, with the result that some muscles have 
been converted into '‘electric organs”. It is interesting to notice that 



Figure 127. Longitudinal section through the d unk of a mammalian 
embryo, showing the relations of the calom and viscera. 

fl, anus; au, auricle of heart; bladder (continuous with allantois); hd, bile- 
duct; t/, diaphragm ; liver; gby gall-bladder; /, intestine; /«, lung; w, mctancphric 
kidney; oe, oesophagus; p, pancreas; pi, pleural ccclomic cavity; pn, penis; pr, 
pericardial coelomic cavity ; r, rectum; jr, spinal cord ; sm, sternum ; sp, perivisceral 
splanchnocoel; j/, stomach; /, tail; ta, truncus arteriosus ; th, thyroid; tm, thymus; 
tr, trachea; ts, testis; u, ureter; uo, opening of urethra; v, ventricle of heart; 
VC, vertebral column ; vd, vas deferens. 

while in Raia it is the somatic (myotomic) muscles in the region of 
the tail that have become thus modified, in Torpedo it is the visceral 
muscles derived from the visceral arches. 

The first three pairs of somites (in the Craniates) are small and 
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give rise to the extrinsic eye-muscles. From the fact that they are 
situated in front of the ear, they are known as prootic somites, and 
their development is described in Chapter XXVIII. The myotomes 
which are produced from the next posterior (or metotic) somites are 
divided by the gill-slits into dorsal and ventral portions, the latter 
portion forming the hypoglossal muscles. 

In Amphioxus, each myotome is a plate of muscle extending from 
near the middorsal to the midventral line, on one side of the body. 
When seen from the side, each myotome is bent into the shape of a 
V with the apex pointing forwards. The Silurian fossil Jamoytius 
showed a similar condition of the myotomes. In Fetromyzon, the 
myotomes behind the region of the gill-slits are like those of 
Amphioxus; only the septa are slightly more bent so that each 
myotome seen from the side is in the form of a W. In fish and all 
higher forms, however, each myotome behind the gill-slits is divided 
into two by a horizontal partition or septum. It is in this septum that 
the “true” or dorsal ribs are formed. The myotomes are then repre- 
sented by dorsal or epaxonic, and by ventral or hypaxonic muscles. 

The muscles of the iins in Craniates are formed from “muscle- 
buds”, which arc nipped off from the myotomes. 

In the Tetrapods, the epaxonic muscles are much reduced, while 
the hypaxonic muscles assume greater importance. The muscles of 
the paired fins and limbs arc derived from the hypaxonic portions 
of the myotomes. Apart from the latter, the great development of 
which in Tetrapods is connected with the greater strength necessary 
for locomotion on dry land, the hypaxonic portions of the myotomes 
also give rise to the intercostal muscles in the thorax, and the muscles 
of the abdominal wall. 

The simple segmental arrangement of the myotomes which is so 
characteristic of Amphioxus and lower Craniates tends to be 
obscured and lost in the Tetrapods. 

With regard to the dermal musculature, the muscles attached to 
the hair-foIliclcs (arrcctorcs pili) arc smooth and innervated by 
sympathetic fibres. The panniculus carnosus muscles are derived 
from the striped muscles of the trunk and are therefore innervated 
by ventral nerves. The platysnia muscles, and the muscles of ex- 
pression arc derived from the striped muscles of the 2nd visceral 
arch, and consequently arc innervated by the facial nerve. 
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CHAPTER XX 


THE SKULL 

The skull consists of the protective case round the brain (neuro- 
cranium) and of the skeletal supports of the jaws (splanchno- 
cranium). It is formed in all chordates from Petromyzon upwards 
(whence the name Craniate) and is always cartilaginous at first. In 
Cyclostomes and Selachians the skull remains cartilaginous through- 
out life, but in other forms this cartilaginous chondrocranium be- 
comes more or less thoroughly replaced by cartilage-bone, and 
membrane-bones are added to it. The chrondrocrania of the various 
vertebrates may be compared with one another on the one hand, 
and on the other, the bony skulls may similarly be compared. 

CARTILAGINOUS SKULL. The typical structure of the chondro- 
cranium may now be considered. The floor of the neurocranium is 
formed of paired trabecula: in front (enclosing the hypophysial 
fenestra between them) and of paired parachordals (on each side of 
the notochord) behind. The auditory capsules arc firmly anchored 
on to the parachordals on each side. Behind the auditory capsules 
the paired occipital arches rise up from the parachordals, and be- 
come attached to the hind part of the auditory capsule. In so doing 
they enclose a fenestra (metotica) through which the glossopharyn- 
geal and vagus nerves and the internal jugular vein pass. In front of 
the auditory capsule paired pillars rise up from the parachordals 
and join on to the orbital cartilages. The latter form the sides of the 
brain-case in front of the auditory capsules, and the pillars just 
mentioned are the pilae antotics. The pila antotica joins the front 
part of the auditory capsule of its own side, and in so doing encloses 
the trigeminal, facial, and abducens nerves in a fenestra prootica. 
In front of the pila antotica the optic, oculomotor, and trochlear 
nerves, and the pituitary vein pass. 

The olfactory or nasal capsules are formed at the front of the 
skull. They are separated from one another by the inter-nasal septum 
formed from the trabcculffi which anteriorly join together in the 
middle line. The nasal capsule is separated from the orbit of its side 
by the lamina orbito-nasalis, which reaches from the trabecula to the 
orbital cartilage. The roof is often very incomplete, and may be 
formed only in front and behind. That part of the roof which con- 
nects the two auditory capsules is called the tectum synoticum. 

9— V.Z. 241 
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The relations of the trabecula are of importance, for the hypo- 
physial fenestra which they enclose between them also serves for the 



admission of the internal carotid arteries to the brain-case. In those 
cases where the trabecula are wide apart from one another, as in the 
frog, the skull is said to be platytrabic (or platy basic); in others, such 
as the trout, the trabecula are close to one another and fuse in the 
middle line, and this condition is called tropitrabic (or tropibasic). 

The splanchnocranium consists of the pterygo-quadratc of the 
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upper jaw, Meekers cartilage of the lower jaw, the hyomandibula 
and ceratohyal in the hyoid arch, and the cartilages of the branchial 
arches. 



Figure 129. Diagram of a schematic chondrocranium seen from the left 
side, and showing the relations of the cartilages to the principal 
nerves and blood-vessels. 

This diagram does not represent any particular form, but shows the type 
on which nearly all skulls are built, ahn, abducens nerve; ac, auditory capsule; 
fl/, ala temporalis; btp, basal process; hf^ hyomandibular facial nerve; /r, internal 
carotid artery; yv, jugular vein; /on, lamina orbitonasalis; o, occipital arch; oa, 
orbital artery; oc, olfactory capsule; ocn, oculomotor nerve; otn, olfactory nerve; 
on, optic nerve; op, otic process; pa, ascending process; pf, palatine facial nerve; 
pp, piJa antotica; pq, pterygo-quadrate; pv, pituitary vein; rop, profundus 
ophthalmicus nerve; tc, trabecula; vn, vagus nerve. 

One of the most important features of a skull is the method by 
which the splanchnocranium is attached to the neurocranium. The 
hyomandibula is always firmly attached to the auditory capsule, but 
with regard to the jaws, there are three types of attachment.* 

Amphistylic, as in the dogfish Hexanchus, and in Cladoselache. 
Here the upper jaw has an otic process which abuts against the 
auditory capsule, and in addition the hyomandibula serves to sling 
the upper jaw from the neurocranium. 

Hyostylic, as in Scyllium, The upper jaw nowhere touches the 
auditory capsule, and is suspended by the hyomandibula and by liga- 
ments. 

Autostylic, as in Ceratodus and higher vertebrates. The hyomandi- 
bula takes no share in the suspension of the upper javy, which is 
attached to the neurocranium by its own processes. 

The processes of attachment of the upper jaw in autostylic skulls 
arc typically three in number. The otic process abuts against the 
auditory capsule, and lies in front of the main branch of the facial 
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n^e; the basal process abuts against the floor of the neurocranium, 
and lies above and in front of the palatine nerve (facial); the ascend- 
ing process rises up on the outside of the pila antotica with which it 
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may or may not join, and lies between the ophthalmic (VI) and the 
maxillary (V2) branches of the trigeminal nerves. 

The autostylic vertebrates above Ceratodus are terrestrial animals 
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which no longer use the gill-slits for respiratory purposes in the 
adult. So the spiracular cleft gives rise to the tympanic cavity and 
Eustachian tube, and the hyomandibula becomes the columella auris. 
This description of the typical chondrocranium can be applied to 


a 



Figure 131. Osteolepis: dorsal view of skull showing lalcral-linc canals. 
It is probable that the bones here conventionally labelled pa^ 
and ppa, should read /, pa, ppa, and es respectively. 

Explanation of lettering for Figs. 131 to 149; 

al, alisphenoid; art, articular; ho, basioccipital; bpp, basiptcrygoid process; 
bs, basisphenoid ; c, canine; d, dentary; en, external nostril; eo, exoccipital; 
ep, epipterygoid; es, extrascapular;/, frontal; /m, foramen magnum; /, incisor; 
it, intertemporal ; y, jugal ; I, lachrymal; Is, laicrosphcnoid; m, maxilla; mp, 
mastoid process; n, nasal; o, orbit; oc, occipital condyle; on, otic notch; oo, 
opisthotic; op, opercular; os, orbitosphenoid; pA, fourth prcmolar; pa, parietal; 
pe, periotic;/?/, postfrontal;/)/, pineal foramen; pi, palatine; pm, prcmaxilla; po, 
postorbital; pop, preopercular; pp, paroccipitai process; ppa, postpanctal ; pr, 
prootic; prf prefrontal; ps, parasphenoid ; psp, presphenoid; pt, pterygoid; pv, 
prevomer; q, quadrate; quadratojugal; s, squamosal; im, scptomaxilla; sn 
spiracular notch ; 50 , supraoccipital; st, supratemporal ; t, tabular; tb, tympanic 
bulla; tp, transpalatinc; v, vomer. 

most groups of vertebrates. In the mammals an important modi- 
fication occurs in that the ascending process comes to lie between the 
maxillary (V2) and mandibular (V3) branches of the trigeminal nerve, 
and it is usually known as the ala temporalis. 

BONY SKULL. Attention may now be turned to the bony skull. 
The replacing or cartilage-bones are fairly constant throughout the 
vertebrate series. In the neurocranium they surround the brain, the 
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oliactoiy and auditory capsules; while in the splanchnocranium 
they form the main skeletd supports. The dermal or membrahe- 
bones form a covering just beneath the skin, and in certain regions 
they line the mouth-cavity. The external covering of membrane- 
bones is primitively complete, as in Osteolepid fish, and several of 
them are traversed by the canals of the lateral-line system. In these 
forms, the only openings in the roof of the skull are the orbits, the 
chinks through which the spiracles opened, and the median pineal 


prf 


po 


5 on, ppa 

Figure 132. Stcgocephaiia (Ijjxomma) : dorsal view of a skull, showing 
the course of the lateial-line canals. (Drawn from a cast.) 

foramen which in fish is now held to lie between the parietal bones. In 
the higher bony fish or Teleostei, it is common to find that some of 
the rectus eye-muscles pass back into a tunnel beneath the brain- 
case; the so-called eye-muscle-canal or myodome. 

In the most primitive amphibia, the membrane-bones also make 
a complete covering to the skull, for which reason these animals are 
called Stegocephalia. Many of these bones can be identified with 
those of Osteolepid fish because they are grooved by the lateral-line 
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system. The only openings in the roof of the skull in the Stego- 
cephalia are the nostrils, the orbits, and the median pineal foramen 
which in these animals lies between the parietal bones. The spiracles 
are, of course, closed in land-vertebrates, but the position of their 
former openings is indicated by a notch in the hind border of the 
roof on each side. 

In land-vertebrates the skull and vertebral column are separated 
by a joint, which allows the head to move. The articular facets 
belonging to the skull which take part in this joint are the condyles. 
In Stegocephalia there are three such condyles, formed by the two 
exoccipitals and the basioccipital. In higher forms, as will be seen. 



Figure 133. Seymouria: dorsal view of a skull. (Drawn from a cast.) 

the number of condyles may be reduced to one or to two, according 
as to whether the exoccipitals or the basioccipital (respectively) drop 
out of sharing in the joint. 

In the most primitive reptiles such as Seymouria, the covering of 
dermal bones is complete, and differs from the condition of the 
Stegocephalia only in that there are no grooves for lateral-line canals. 
As the nature of the roof of the skull is of the greatest importance in 
regard to classification in the reptiles, it is necessary to consider a 
few of the relations which the membrane-bones bear to underlying 
structures. The more median membrane-bones, such as the nasals, 
frontals, and parietals, overlie the brain-case directly, and form its 
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roof. But the more 
lateral membrane- 
bones of the skull- 
roof, such as the 
post-orbital, supratem- 
poral, and squamosal 
lie over the auditory 
capsules. The auditory 
capsule, formed by the 
prootic and opisthotic 
(cartilage-) bones lies 
deep beneath the sur- 
face of the skull, with 
the result that between 
it and the overlying 
membrane-bones of 
the skull-roof there is 
a space. This space is 
the temporal cavity; it 
is continuous in front 
with the orbit or eye- 
ball-space, and post- 
eriorly the temporal 
cavity opens on the 
hind face of the skull 
by the post-temporal 
fossa. It must be re- 
membered that the 
word “cavity” is here 
used to denote a space 
which is not occupied 
by bone; it is, how- 
ever, not hollow, but 
filled by the muscles of 
mastication which 
actuate the lower jaw. 
Below, the temporal 
cavity opens on to the 
palatine surface of the 
skull, in front of the 
auditory capsule, and 
through this opening 
the above-mentioned 
muscles pass. The roof 
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of the temporal region typically has three borders: an anterior 
border which is also the hind border of the orbit; a lower border, 
reaching from the maxilla to the quadrate; and a posterior border 
which is also the upper border of the post-temporal fossa. 

The most primitive reptiles or Cotylosaurs, of which Seymouria is 
an example, are characterised by skulls of this type, in which the 
temporal cavity is completely roofed over; a condition inherited from 
the Stegocephalian ancestors. 

In the Chelonia probably the skull was primitively of this kind 
also, and Chelone is a good example of a skull with a temporal cavity 
completely roofed over, opening behind by a post-temporal fossa.* 
In other forms of tortoises and turtles, Iiowcver, the roof over the 
temporal cavity becomes reduced by a process known as emargina- 
tion. The skull-roof becomes as it were eaten away from the edge, 
and this reduction may affect the hind border or the lower border of 
the roof of the temporal region, or both. When reduction by 
emargination has taken place, the prootic and opisthotic bones of 
the auditory capsule become visible from the dorsal side of the skull. 
It is important to notice that in emargination there is no perforation 
of the skull-roof. 

It is common to find the Cotylosaurs and the Chelonia grouped 
together as Anapsida, since they have skulls completely roofed-over 
or sometimes emarginated, but never perforated as regards the roof 
by apertures other than the orbits and nostrils. These forms usually 
have three condyles. 

The remaining vertebrates are characterised by the fact that the 
roof of the skull in the temporal region has been perforated, with 
the result that windows are formed, completely surrounded by bone, 
and opening into the temporal cavity. A window of this kind is called 
a temporal fossa or vacuity, and it enables the muscles of mastication 
to become enlarged. Through the window the auditory capsule is 
visible. It must be clearly understood that a temporal fossa is only a 
perforation in the roof of the temporal cavity; it is not an opening 
into the brain-case. 

Some reptiles have a single temporal fossa on each side. Others 
have a pair on each side, for which reason they are called the 
Diapsida. The Diapsida have a superior and an inferior temporal 
fossa, and these fossae are separated from the orbit by the post- 
orbital bar (usually formed by the post-frontal and post-orbital 
bones); they are separated from the post-temporal fossa by the post- 

* It should be mentioned that some authorities prefer to regard the complete 
roofing of Chelone as secondarily developed. This is immaterial for the present 
purpose, which aims only at pointing out the typical relations of the temporal 
region of the skull. 

9 * 
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Figure 136. Skull of a Cotylosaur (Captorhinus\ Anapsid type, with the complete temporal roof. 

Figure 137. Skull of Ichthyosaurus, Parapsid type, with the temporal roof perforated by a superior temporal fossa. 
Figure 138. Skull of Varanus, Parapsid type with the lower temporal bar emarginated from below. 

Figure 139. Skull of Sphenodon, Diapsid type with the temporal roof perforated by an upper and a lower temporal fossa* 
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temporal bar (supratemporal and squamosal bones); and they are 
separated from one another by the superior temporal bar (post- 
orbital and squamosal bones). The superior temporal fossa is bor- 
dered above by the parietal bone; the inferior temporal fossa is 
bordered below by the inferior temporal bar (jugal, quadrato-jugal, 
and squamosal bones). 

The Diapsida include the Rhynchocephalia of which Sphenodon 
is an example, the Crocodilia, the Dinosauria, the Pterosauria, and 
the birds. In the latter, however, the post-orbital and temporal bars 
have been broken, with the result that the temporal fossae can no 
longer be clearly recognised. It can nevertheless be seen that the 
bird’s skull must have been derived from a Diapsid type which had 
the typical two temporal fossae. In the primitive crocodiles, in the 
Pterosaurs, Dinosaurs, and birds, there is also a prelachrymal fossa 
on each side, between the orbit and the nostril. The condyle is usually 
single in the Diapsida. 

The remaining reptiles have a single temporal fossa on each side, 



Figure 140. Skull of a bird (Columba). 

but whereas in some this would seem to be the superior temporal 
fossa, in others it represents the inferior temporal fossa of Diapsida, 
Forms with a single inferior temporal fossa on each side arc 
called Synapsida, including the Theromorph reptiles and the 
mammals. The inferior temporal fossa is primitively bounded above 
by the post-orbital and squamosal bones. In the higher forms, 
however, it often happens that the post-orbital and squamosal bones 
no longer touch one another. The result of this is that the inferior 
temporal fossa now extends up between them and is bordered above 
by the parietal bone. From the mere fact that it touches the parietal 
it must not be mistaken for a superior temporal fossa. This enlarged 
type of inferior temporal fossa is present in the higher Theromorph 



Fig. 142 


252 


COMPARATIVE ZOOLOGY OF CHORDATBS 


reptiles, and in the mammals. A fossa of this type is also found in 
the Sauropterygia, or Plesiosaurs. Here again, although the fossa is 
bordered by the parietal, it is probably an inferior temporal fossa 
which has extended in the manner just described. For this reason, 



the Sauropterygia are usually classed as Synaptosauria, close to the 
Synapsida. Synapsida usually have two condyles. 

The Parapsida have a single superior temporal fossa on each side, 
lying above the post-orbital and squamosal bones, and the supra- 
temporal bone appears to have been retained. To this group belong 
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the Ichthyosaurs and the Squamata, which latter consist of the 
Lacertilia and Ophidia. In the Lacertilia, the bar beneath the lateral 
temporal fossa has been much reduced by emargination from below.* 
The result of this is that there is very little roofing left over the 
temporal region, and the quadrate, which still retains the otic process 
abutting against the paroccipital process of the auditory capsule 
(see p. 87), becomes uncovered and loose. The quadrate is therefore 
capable of movement relatively to the squamosal and to the brain- 
case. This condition, which is called streptostylic, is associated with 
the fact that the upper jaw can move relatively to the brain-case, 
which arrangement enables the animal to open its mouth with a 
gape wider than would otherwise be possible. 

An extreme case of the streptostylic condition is found in the 
Ophidia or snakes. Here the post-orbital bar and the temporal bar 
are completely broken down, so that the temporal region is un- 
covered. The quadrate has lost its connexion with the auditory 
capsule, and is only indirectly articulated with it by the intermediary 
of the squamosal. When a snake opens its mouth the lower jaw drops 
and the quadrate moves forward. This movement of the quadrate is 
imparted to the pterygoid and transpalatine bones, which, moving 
forward in their turn, cause the maxilla and associated bones to 
rotate upwards. In some snakes such as the viper, this process of 
rotation of the maxilla is especially interesting, for the maxilla 
carries the long teeth which are modified into poison-fangs. When 
the mouth is open these poison-fangs are made to project forwards 
out of the mouth ready for “striking”; whereas in the normal 
position of rest with the jaws closed the fangs extend back parallel 
to and beneath the roof of the mouth. 

Streptostylic skulls are also found in the birds, and especially in 
the parrots. Here the upper beak is freely movable relatively to the 
brain-case. Some of the Dinosaurs also had streptostylic skulls. 

When the quadrate is fixed, and the upper jaw is incapable of 
separate movement (as in Sphenodon, crocodiles, and mammals, 
for instance), the skull is described as monimostylic. 

In many Theroraorph reptiles, as in mammals, it is common for 
the post-orbital bar to disappear, and the temporal fossa then 
becomes confluent with the orbit. In Ornithorhynchus, for example, 
the temporal fossa has extended upwards in the manner described 
above in other Synapsida, and its upper border is formed by the 
parietal. It is bounded behind by the squamosal, below by the 
squamosal and jugal (forming the zygomatic arch), and in front it 
has no border since it is confluent with the orbit. Behind, the 

* Some authorities prefer to regard the Lacertilia as derived from Diapsida 
which have lost the inferior temporal bar. 
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temporal fossa of Ornithorhyncus communicates with a small post- 
temporal fossa between the squamosal and the auditory capsule 
(periotic bone) and which opens on the hind face of the skull. This is 
the last appearance of the post-temporal fossa, for in higher 
mammals it is obliterated, as, for instance, in the dog. 




Figure 145. Left side view of the skull of a snake (putT adder) showing 
the strcptosiylic condition of the jaws. A, with the mouth closed; B, 
with the mouth open. 

In the higher Primates including man, the post-orbital bar not 
only persists but actually extends inwards, forming a complete 
partition between the orbit and the temporal fossa. It may be 
mentioned that the alisphenoid bone of the mammal is an ossification 
of the ala temporalis, which corresponds roughly to the ascending 
process of the pterygo-quadrate of the reptile. The mammalian 
alisphenoid therefore represents the reptilian epipterygoid, both 
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being really parts of the splanchnocranium. It follows that the so- 
called “alisphenoids” of fish, reptiles, and birds, which are ossi- 
fications of the primitive wall of the brain-case, have nothing in 
common with the mammalian alisphenoid. Their proper name is 
laterosphenoid. In birds as in mammals, the brain has undergone 
great development and enlargement, and so it happens that in the 
bony skull certain bones come to form part of the wall of the brain- 
case although primitively they had nothing to do with it. This 
applies to the mammalian alisphenoid, and to the squamosal in 
birds and mammals. 

Primitive forms have a large number of bones on the palatal 
surface of the skull. The pterygoids, of which the fish have three on 
each side, become more and more reduced in the higher forms. The 
transpalatine of amphibia and reptiles corresponds to the ectoptery- 
goid of the fish, and it disappears in birds and mammals. In the 



Figure 146. Hind view of the skull 
of ChehnCj showing the rela- 
tions of the post-temporal fossa 
(through which an arrow is 
passed into the orbit). 
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Figure 147. Hind view of the skull 
of Ornithorhynchus^ showing the 
small post-temporal fossa, indi- 
cated by an arrow. 


Tetrapods the pterygoid is a membrane-bone, underlying the 
pterygo-quadrate cartilage. 

The articulation of the pterygoid with the basipterygoid process 
of the basisphenoid, as for instance in VaranuSy corresponds roughly 
to the connexion between the pterygo-quadrate cartilage and the 
brain-case by the basal process. 

In crocodiles, some Theromorph reptiles and in mammals, the 
maxillae and palatines have shelf-like extensions which meet in the 
middle line beneath the original roof of the mouth. These shelves 
are the false palate, and between it and the original roof of the 
mouth (formed by the vomer and mesethmoid bones) is the nasal 
passage leading from the external nostrils to the secondary choanae. 
The prevomers of the lower vertebrates arc represented by the 
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*‘dumb-bell-shapcd bone” of Ornithorhynchus, The mammalian 
vomer represents the anterior part of the parasphenoid of lower 
forms. 

In the lower jaw, Meckel’s cartilage ossifies as the articular, and 
dermal bones are formed round it. In the lower vertebrates these 
dermal bones are numerous, consisting in the Stegocephalia, for 
instance, of the dentary, angular, supra-angular, splenial, and three 
coronoid bones. The number of these bones becomes reduced in 



Figure I4S. Palatal view of a skull Figure 149. Palatal view of a skull 
of 1 (iranus. of a dog, showing the fiilse palate. 

An arrow is passed through the 
nasal passage. 

higher forms. The two halves of the lower jaw in snakes are separate, 
and their front ends can be moved wide apart. This allows the 
mouth to be opened very wide indeed, so that the snake is capable 
of swallowing relatively enormous prey. In some Lacertilia such as 
Varanus and in the extinct Mosasauria, there is a joint on each side 
of the lower jaw. These joints enable the space between the two 
halves of the lower jaw to be widened, and large prey to be swallowed. 
In crocodiles, and in the fossil bird Archaopteryx, the lower jaw 
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is characterised by being pierced by a foramen on each side. Among 
the Dinosauria, the Predentata are peculiar in possessing a pre- 
dentary bone, the most anterior in the lower jaw. The lower jaw 
of the Marsupials is characterised by the fact that the lower edge 
of the hindmost region of each half is bent inwards, forming the 
“inflected angles”. 

In all mammals the lower jaw is peculiar in consisting of a single 
bone: the dentary. Very interesting stages in the reduction in 
number of bones are found in the Theromorph reptiles. Cynognathus 
has a large dentary, while the articular, angular, supra-angular, 
prearticular, coronoid, and splenial are small. The dentary develops 
an uprising coronoid process which touches the squamosal, and 
so takes on the function of articulating the lower on to the upper 



Figure 150. Side views of the lower jaws of A, Varanus; B, a dog. 

The mammalian lower jaw contains only one bone; the dentary. an, angular; 
ar, articular; c, coronoid; r/, dentary; m/, first molar; par, supra-angular. 

jaw. At the same time the original quadrate-articular articulation 
(which is present in all lower forms) falls into disuse, and the 
quadrate becomes small and loose. The next stage is that of the 
mammals, of which the dog may be taken as an example; and since 
here the lower jaw consists of the dentary alone, the question arises 
as to what has happened to the other bones. The quadrate and 
articular have been intercalated between the columella auris and the 
tympanic membrane, thus forming part of the chain of three auditory 
ossicles which is characteristic of mammals. The columella auris (or 
hyomandibula), pierced by the stapedial artery, comes to look like 
a stirrup and is hence called the stapes; the quadrate is now called 
the incus, and the articular becomes known as the malleus. At the 
same time the angular becomes converted into the tympanic bulla 
(also peculiar to mammals) and the supra-angular is represented by 
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the processus Folif; the remaining bones of the Theromorph reptfles 
have disappeared. It is a striking fact that the mammalian ear is 
associated with bones which in the ancestors served to form the 
articulation between the upper and lower jaws. The remarkable 
change of function which these bones have undergone is, however, 
less remarkable than would appear at first sight, for their essential 
feature is that they remain articulated to one another, and so are 
able to transmit the vibrations of sound. The columella auris is 
pierced by an artery and resembles the stapes in certain lizards and 



Figure 1 51. Diagrammatic views showing the transition from the reptilian 
to the mammalian method of articulation of the lower jaw: A, 
reptile; B, mammal. 

41, angular; art^ articular; ca, columella auris; dentary; /, incus (quadrate); 
m, malleus (articular); Afr, Meckel’s cartilage; pr, processus Folii (supra-angular); 
< 7 , quadrate; squamosal; sa, supra-angular; st, stapes (columella auris); 
r, tympanic (angular). 

Gymnophiona, and in the latter group of animals it may be con- 
nected with the quadrate. There is therefore no radical innovation 
in the fact that the incus articulates with the stapes. The most 
remarkable feature of this change is the fact that it was effected 
without functional discontinuity. There was never a time when, the 
quadrate and articular having been drawn away into the service of 
the car, the lower jaw had no articulation with the upper, because, 
before this happened, the dentary had already established connexion 
with the squamosal. This new squamoso-dentary method of articu- 
lation, which is peculiar to mammals, was in working order before 
the quadrate and articular underwent their modification. 
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CHAPTER XXI 


THE VERTEBRAL COLUMN, RIBS, 

AND STERNUM 

The primitive skeletal stiffening of the body is the notochord. In 
Amphioxus, this extends to the extreme anterior end of the body; 
in Petromyzon it does not reach further forwards than the region of 
the infundibulum, but in this position it persists throughout life. In 
the remaining vertebrates, the notochord usually disappears in the 
skull region. 

Surrounding the notochord are two sheaths, the so-called elastica 
interna and the elastica externa. These are of importance in some 
forms in connexion with the formation of the vertebral column. 

Amphioxus has no structures comparable to vertebra, but they 
appear first in Petromyzon in the form of little paired pegs or struts 
on each side of the nerve-cord, rising up from the notochord. There 
are two pairs of these pegs to each segment as a rule. The notochord 
in Petromyzon is continuous and unconstricted, a primitive feature. 

A properly formed vertebral column appears first in the Selachii. 
Each vertebra is composed of a neural arch formed from a pair of 
basidorsals, and a pair of basiventrals which in the region of the 
tail form a hsmal arch. Between them, the basidorsals and basi- 
ventrals form the body of the vertebra or centrum, which constricts 
the notochord and usually obliterates it altogether except between 
one centrum and the next. Alternating with the basidorsals are the 
interdorsals, and in some, interventrals are present. The basidorsals 
and basiventrals perforate the elastica externa and cartilage-cells 
invade the notochordal sheath. Such centra are called chordal, and 
they occur in the Selachii, in the sturgeons and in the Dipnoi. In all 
other forms the vertebras arise outside the notochord and do not 
invade its sheath. These are called perichordal vertebras. 

The vertebrae of the higher bony fish are compact bony structures 
obliterating the notochord. Amia is interesting with regard to its 
vertebral column, for in the region of the tail there are what look 
like vertebrae with neural and haemal arches alternating with vertebrae 
without. Those vertebrae with the neural and hasmal arches are the 
basidorsals and basiventrals; those without are the interdorsals and 
interventrals. The neural arches are always formed from basidorsals 
and the haemal arches from basiventrals. 

261 
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, The vertebrae ari formed from the sclerotome, which is segmented* 
The anterior part of the sclerotome in each segment gives rise to the 
interdorsals and interventrals, while the posterior part produces the 
basidorsals and basiventrals. Later it is found that the basidorsals 
and basiventrals of one segment fuse on to the interdorsals and 
interventrals of the next posterior segment. The vertebrae are there- 
fore intersegmental in position, which enables the myotomes, which 
of course are intrasegmental, to be attached to two vertebrae. 

The most posterior haemal arches are enlarged to form the hypurals 
which support the ventral lobe of the tail-fin. 



Figure 152. Transverse sections through the developing vertebral column 
of ScvUiurn embryos. 

A, early stage; B, late stage (in the region of the tail), bd, basidorsal; by, 
basiventral; ca, caudal artery; cv, caudal vein; ec, clastica externa; ha, hsmal 
arch; hs, harmal spine; n, notochord; na, neural arch; nc, nerve-cord; ns, neural 
spine. 

In the most primitive amphibia, the Embolomeri of the Labyrin- 
thodonts, the vertebrie have neural arches and two centra. The 
anterior centrum of each vertebra is formed from the basiventrals 
and is called the hypocentrum; the posterior centrum is formed from 
the interdorsals and interventrals, and is called the pleurocentrum. 
While in the later amphibia the hypocentrum has been enlarged and 
the pleurocentrum reduced, in the reptiles, birds, and mammals the 
opposite has occurred, and the vertebrae of these animals have centra 
which correspond to pleurocentra. In consequence of this, the haemal 
arches in amphibia are always attached to the centra themselves; 
whereas in the amniota, when they occur (mostly in the tail-region), 



VBRTBBRAL COLUMN, RIBS, AND STERNUM 263 

the hsinal arches are attached to separate little elements called 
intercentra which represent the hypocentra. These intercentra and 
haemal arches in the amniotes are called “chevron-bones”; they are 
never found in the amphibia. Primitive reptiles like Seymottria and 
Sphenodon have a complete set of intercentra all the way along the 
vertebral column, and some primitive mammals (hedgehog; mole) 
have intercentra in the lumbar region. 

The transverse processes are lateral extensions of the vertebrae 



Figure 153. Origin of the vertebral column. A, in Scylliumi B, diagram 
showing the relations of the vertebral elements to the nerves; C, the 
vertebral column in the tail-region of Amia; D, the vertebral column 
in the Embolomcrous Stegocephalia. 

dr, dorsal nerve-root; he, hypocentrum; id, interdorsal; /V, intervcntral; 
m, myotome; pc, pleurocentrum ; vr, ventral nerve-root. Other letters as Fig. 152. 

from the base of the neural arches. The dorsal (or tubercular) head 
of the ribs is attached to the transverse process, and in all land- 
vertebrates except the most primitive Stegocephalian amphibia (such 
as Eogyrinus) the transverse processes of at least one vertebra are 
attached to the ilia of the pelvic girdle forming the sacrum. The 
sacrum is of course not formed in animals which do rfot possess 
hind limbs. 

The first vertebra in amphibia is modified to carry the head, and 
the vertebral column (which in fish is divisible only into trunk- and 
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tail-regions) is now divisible into regions corresponding to neck» 
thorax, sacrum, and tail. In the amniotes the first vertebra (the atlas) 
becomes detached from its centrum, which becomes attached to the 
second vertebra or axis, and forms its odontoid peg. There are 
therefore two vertebraj specially modified in connexion with the neck. 



Figure 154. Vertebral columns of A, a bony iish (tunny); B, crocodile (in 
the tail-region); C, Sphctiodon (trunk region). 

r, centrum; r/>, chcvron-bone; ha, h®mal arch; he, hypocentrum; na, neural 
arch; pleuroccntrum; pz, prczygapophysis ; r, rib; tp, transverse process. 

and a variable number of normal cervical vertebra? which differ from 
the thoracic in that their ribs arc short and do not reach the sternum. 
The vertebrtc between the thoracic (whose ribs reach the sternum) 
and the sacral are the lumbar. In primitive forms the sacrum affects 
only one vertebra, to the ribs or transverse processes of which the 



VERTEBRAL COLUMN, RIBS, AND STERNUM 265 

ilia are attached. In higher forms, and especially in birds, there arc 
several sacral vertebrae. 

The vertebrae of land-animals bear facets by means of which they 
articulate with one another, and so enable the vertebral column to 
bend with considerable flexibility without diminishing its strength. 
These facets are the pre-and post-zygapophyses. In some groups such 
as the lizard and snakes, additional facets may be developed. The 
faces of the centra are either flat or slightly concave or convex, but 
in the birds a special saddle-like shape has been developed, which 
allows of very great flexibility. 

In the mammals, the number of cervical vertebra? is seven in all 



Figure 155. View of the anterior region of the vertebral column of the 
crocodile seen from the left side. 

c2, centrum of the 2nd or axis vertebra; h\y hypocentrum of the 1st or atlas 
vertebra; nl, neural arch of the 1st or atlas vertcbia; «2, neural arch of the 2nd 
or axis vertebra; op, odontoid peg, or picurocentrum of the atlas vertebra which 
has ^comc attached to the axis vertebra; pa, proatlas; rl, 2, 3, ribs of the 1st 
to 3rd vertebra; v3, 4, 3rd and 4th vertebrtE. 

species with only three exceptions. These are the Edentates Bradypus 
which has nine, and a species of Choloepus which has six or seven, 
and the Sirenian Manatus which has six. 

Ribs are extensions of the basiventrals, and they may be of two 
kinds. Those which pass just on the outside of the splanchnocoelic 
cavity are pleural or ventral ribs, and they occur in Dipnoi. “True” 
or dorsal ribs pass in the horizontal septum which separates the 
myotomes into dorsal and ventral portions, and they occur in 
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Selachii and in the Tetrapods. Both kinds of ribs are pr^nt in 
Polyptems and some Teleosts. 

In the land-vertebrates, the ribs primitively articulate with the 
vertebrae by a broad head which touches the centrum and the neural 
arch. These holocephalous ribs as they are termed are present in 
Labyrinthodonts, Cotylosauria, and Sphenodon. Later, that portion 
of the head which touches the centrum (capitulum) became distinct 
from that which abuts against the transverse process (tuberculum), 
by the reduction of the intervening part of the head. In this way, 
the typical double-headed or dichocephalous ribs arose. Between the 
two heads of the rib and the vertebra there is a canal through which 


c 


vr 


CO 

Figure 156. Diagram showing the relations of dorsal (“true”) and ventral 
ribs, as seen in transverse section. 

c, centrum of vertebra; co, coelom; dr^ dorsal rib; e, epaxonic muscles; g, gut; 
A, hypaxonic muscles; ns, neural spine; vr, ventral nb. 

the vertebral artery passes; and this vertebrarterial canal is con- 
spicuous in the cervical vertebrx on to which the cervical ribs are 
usually fused. 

In many forms, the articular heads of the ribs are degenerate and 
cither the capitulum or the tuberculum may be lost. This secondary 
single-headed condition must be distinguished from the primitive 
holocephalous type. 

In the Chelonia, the ribs are expanded into broad flat plates which 
touch one another and are fused to the dermal bones (osteoscutes) 
to form the carapace. In Sphenodon, crocodiles and in birds the ribs 
bear uncinate processes, which extend backwards and overlap the 
next posterior rib. In many cases, the ribs are in two portions: a 
dorsal or vertebral, and a ventral or sternal portion. The hindmost 
ribs do not usually reach the sternum, and they are known as 
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floating ribs. Primitively, all the vertebrie as far back as the middle of 
the tail bore ribs. In higher forms they do not extend behind the 
sacrum. 

The sternum first appears in Amphibia. It arises from paired 
rudiments of cartilage which may become replaced by cartilage-bone. 
In the Amphibia which are alive today, the sternum has no connexion 
with the ribs. The sternum in the Amniotes is however connected 
with the ribs, and this was probably the condition in the Stego- 
cephalia also. The sternum is also usually in contact with the 
coracoids and clavicles. In the mammals, the sternum is often 
broken into a number of pieces or sternebrae. In the birds (with the 
exception of the Struthiones: ostrich and its allies) the sternum bears 
a median projection forming the “keel” or carina to which the flight 
muscles are attached. Analogous but not homologous keels are 
developed on the sterna of Pterosaurs and bats. 

Overlying the sternum on the ventral side there is in many forms 
a dermal bone, the interclavicle. It is present in the Stegocephalia 
but has been lost in the living amphibia. Among the reptiles, it is 
present in all except the snakes. In birds it is apparently absent, 
unless it is represented by the keel of the sternum. Only the Mono- 
tremes preserve the interclavicle among the mammals. 
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CHAPTER XXII 


FINS AND LIMBS 

The most primitive chordates relied for their locomotion on the 
myotomes of the body-wall, which, by contraction on one side and 
relaxation on the opposite side of the body, can produce the sinuous 
bendings which pass like waves down the length of the body and 
propel the organism along. Amphioxus is in this condition. 

Improvement of methods of locomotion is connected with the 
formation of extensions of the body in the shape of fins. The earliest 
of these to arise were apparently those which lie in the middle line 
of the dorsal and ventral surfaces: the so-called median fins. In 
Amphioxus they arc foreshadowed, but in Petromyzon well-developed 
median fins are present, supported by cartilaginous radials provided 
with radial muscles at their base on each side. Fish likewise have 
median fins, and these show an advance over the conditions in 
Petromyzon in that the web of the fin is supported by dermal fin-rays 
in addition to the cartilaginous radials. These fin-rays are horny 
(ccratotrichia) in the Selachians; bony and jointed (lepidotrichia) in 
the Teleostomes, and in the Dipnoi they are fibrous and jointed 
(camptotrichia). The median fins of the amphibia have neither 
cartilaginous radials nor dermal fin-rays at all, and in some of them 
the fins develop and regress according to the season and the breeding 
period. 

In the fish, in addition to the median fins there appear the two 
pairs of “paired” fins: a pectoral pair and a pelvic pair. 

The method of origin of median fins and paired fins is very similar. 
In each case a longitudinal fold of skin appears, and into it little 
“muscle-buds” make their way, having been formed from the 
myotomes and separated off from them. Cartilaginous radials then 
appear, and on each side of these, the dermal fin-rays. The fins 
contain structures derived from several segments of the body, and 
this is reflected in the number of radial muscles, cartilaginous radials, 
dermal lin-rays and nerves which the fin contains. 

In the most primitive forms, and in early stages of development 
of other forms, it is common to find that the median fins are con- 
tinuous and form one fold which extends down the dorsal side, round 
the tail and forwards again on the ventral side. The presence of a 
number of separate and discontinuous median fins in many fish is 
' 268 
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therefore probably due to the subdivision of an originally continuous 
fin* 

If the median fin was primitively continuous, it is possible that 
the paired fins also were originally continuous folds on each side of 
the body, and that they became subsequently divided into pectoral 
and pelvic sections. Indeed, this appears to have been the condition 
in the Silurian fossil Jamoyiius, The fact that in some fish such as 
Scyllium^ there is in early stages of development a continuous series 
of muscle-buds given off from all the segments of the trunk would 
thereby receive an explanation. Later on during development the 
muscle-buds between the positions of the pectoral and pelvic fins 
come to nothing. 

The most primitive paired fins known arc probably those of the 



Figure 1 57. The pectoral fin of Cladoselache, showing the radials (r) pro- 
jecting parallel to one another and perpendicular to the side of the 
body (b). (Drawn from a cast.) 

fossil Cladoselache, in which they are triangular flaps with the apex 
pointing outwards and the broad base attached to the side wall of 
the bod>. The radials are more or less parallel to one another and 
stick out at right angles to the side of the body. It is important to 
notice that the radials are scarcely concentrated at all at their base; 
in fact the base is the broadest part of the fin. In the body-wall there 
are some basal cartilages with which the bases of the radials articulate. 

The next step in the evolution of the fins was probably the con- 
centration of the radials at the base of the fin. The result of this was 
that the stalk attaching the fin to the side of the body became narrow, 
and the fin became free to move in a greater variety of^ manners. 
The arrangement of the radials was now in the shape of a fan as 
in the Osteolepidoti, and the fin itself was in the form of a blunt 
paddle. The centremost radials formed what may be called the axis 
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of the fin, but this is not well marked in primitive forms in which the 
fin is short. 

By a lengthening of the axis a pointed laurel-leaf-shaped fin is 
arrived at, like that of Ceratodus (the so-called archipterygium). This 
type of fin is also present in the fossil Pleuracanthus^ where it would 
seem to have evolved independently from that of Ceratodus. The 
skeleton of the paired fins of the primitive fossil Dipnoi resembles 
that of the Osteolepidoti. 

On the other hand, by a shortening of the axis and reduction of 
the radials, the web of the fin comes to be supported mostly by the 
dermal fin-rays, and this is the condition of the higher bony fish. 



Figure 158. Comparison bctvsecn the fin of Sauripterus, A, and a penta- 
dactyl limb, B. (A after Gregory.) 

f, carpals; c<7, coracoid; //, humerus; me, mctacarpals; p. phalanges; r, radius; 
ra, radials; .v, scapula; w, ulna; h-, web of the fin, supported by lepidotrichia. The 
fin ot Sauripterus is an example of the blunt paddle-shaped type of fin. 

The pectoral and pelvic girdles must have arisen in accordance 
with the need for a firm point of attachment of the fins in the wall 
of the body. The radials at the base of the fin have fused together 
and grown inwards, and in so doing they may enclose in foramina 
the nerves supplying the fin. In the pectoral girdle it is usual to find 
a dorsal scapular and a ventral coracoid element; the pelvic girdle 
is not so well developed. These girdles lie in the body-wall and are 
not primitively connected with any other part of skeleton. 

In the bony fish, the scapula, coracoid and pelvis ossify as cartilage- 
bones, and in addition, a number of dermal bones arise in connexion 
with the pectoral girdle. In a primitive bony fish like Polypterus, 
these dermal bones are the clavicle, cleithrum, supra-cleithrum, and 
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the posMcmporal which is attached to the hind part of the skull. 
This girdle, which is composed of dermal tones, may be called the 
clavicular girdle, to distinguish it from the other girdle, formed of 
cartilage or cartilage-bones, to which the term scapular girdle may 
be applied. The clavicle is present in the sturgeon (Acipemer\ but 
in all higher fish it is lost. It may seem curious that the pelvic girdle 
never has any additions of dermal bones to the cartilage-bones of 
which it is composed. The explanation is that the dermal pectoral 
girdle originally had no connexion with the pectoral fins. It provides 
a firm attachment for the muscles of the body-wall just behind the 



Figure 159. The forelimb of Sphenodon: an example of a typical penta- 
dactyl limb with a primitive carpus. 

The figures indicate the ordinal numbers of the digits, c, carpals of the distal 
row, which are five in number; ce, centralia; A, humerus; /, intcr-mcdium; me, 
metacarpal; p, phalanges; ps, pisiform; r, radius; ra, radiale; w, ulna; ul, uinare. 

gill-slits in those forms (the bony fish) in which the gill-slits are highly 
developed. The gill-slits occupy a region of perforation and weakness, 
and they prevent the main mass of the lateral body-wall muscles 
from becoming attached to the skull. The dermal pectoral girdle, 
which itself is attached to the skull, gives these muscles something 
solid to work from. The joining of the scapular and clavicular 
pectoral girdles is due to the fact that both are situated close behind 
the gill-slits. Since there are no gill-slits or other source of weakness 
near the pelvic girdle, the latter has no dermal elements added to it. 

From the nature of the water in which they live, the fins of fish 
are necessarily more or less like paddles. But it is from such paddles 
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(or ichthyopterygia) that the fivc-digited or pentadactyl limb 
(cheiropterygium) of the Tetrapods or land-vertebrates was evolved. 
It is interesting to inquire into the question as to which type of fin 
most probably gave rise to the limb. The most convenient starting- 
point is the blunt lobate fin of the Osteolepidoti (and primitive 
Dipnoi) with a single large radial at its base, and an increasing 
number of radials arranged fanwise running to the outer border of 
the fin. In such a form as Sauripierus (one of the Osteolepidoti) the 
single basal radial of the pectoral fin may perhaps be held to 
represent the humerus, and the next two correspond to the radius 
and ulna of the terrestrial fore-limb. In a general way the next 
radials represent the carpals and metacarpals. 

The earliest limbs probably had more than five fingers, and the 



Figure 160. Vcnlral view of the abdominal ribs or gaslralia, and pectoral 
girdle Sphenodon. 

cl, clavicle; co, coracoid; g, gaslralia; gc, glenoid cavity; ic, inter-clavicle; 
r, nbs (true); a, scapula. 

number of rows of radials in the distal part of the fins of Sauripierus 
is greater than five. Hut if the pectoral fin of Sauripierus be compared 
with the arm of a primitive amphibian like Eryops, it is easy to see 
how the structure of the latter could be derived from that of the 
former. The evolution of the tive-digited, or pentadactyl limb is an 
adaptation to locomotion on land. During this transformation, the 
limb-girdles must have become better developed, for an animal in 
air is relatively heavier than in the water, and the limbs are subjected 
to greater strains and stresses. At the same time, the girdles of the 
earliest land-vertebrates closely resemble those of their aquatic 
ancestors. So in Eogyrinus (fossil Amphibian of the Carboniferous 
period), the clavicular pectoral girdle is represented by the clavicle, 
cleithrum, supra-cleithrum and post-temporal, which latter is 
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atta<;hed to the hind end of the skull, just as in bony hsb. To these is 
added a median ventral interclaviclc. As in all Tctrapods, the 
scapula (cartilage-bone of scapular girdle) rests on, but is not 
attached to, the ribs. The pelvic girdle of Eogyrinus is interesting in 
that the ilium rests on the ribs without fusing with them to form a 
sacrum. In this respect, the pectoral and pelvic girdles arc similar, 
but in higher forms the ilium becomes firmly attached to one or 
more sacral vertebrae. In addition to the ilium, the pelvic girdle 
contains the pubis and ischium. 

In the earliest land-vertebrates, the function of the limbs was not 
to support the body of the animal but to row it along while its 
ventral surface rested on the ground. Such movement must have 
been slow, and improvement came in the reptiles, in which the limbs 



Figure 161. Ventral view of the pectoral girdle of Ornithorhynchus, 
ec, epicoracoid (or precoracoid). Other letters as Figure 160. 

lift the body off the ground. In them, there was no friction to be 
overcome between the body and the ground, and the higher the body 
was lifted, the longer the limbs, the longer the stride and the faster 
was the pace. In the reptiles the clavicular pectoral girdle is reduced 
to the clavicle and interclavicle (the cleithrum persists only in 
some primitive forms), while the scapular girdle usually consists of 
a dorsal scapula and a ventral coracoid. In the Theromorph reptiles 
the scapular girdle may have two ventral elements, the coracoid and 
precoracoid. In the pelvic girdle the ilium becomes attached to the 
sacral vertebrae, and the ischio-pubic foramen appears between the 
pubis and ischium. In some Dinosaurs a post-pubis is present, 
extending back beneath the ischium. In Chelonia, the pectoral and 
pelvic girdles have a peculiar position in that they lie inside the ribs, 
instead of outside them as in other forms. In birds, the pubis rotates 
10 — V.Z. 
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backwards and 0mes to lie parallel to and beneath the ischiiim» 
with which it may to a certain extent fuse. 

In mammals, the coracoid, precoracoid, and interclavicle art 
retained only in the Monotremes. The pelvic girdle of Monotremei 
and of Marsupials is characterised by the presence of a pair of 
cpipubic bones, which support the ventral body- wall. The clavicle 
often missing in the higher mammals, and especially those which 
use their limbs for fast running. So the clavicle is absent in the horse, 



Figure 162. Diagrams illustrating the evolution of the limbs of Tetrapods. 

A and B, views of the early stage when the limbs stick out laterally and the 
ventral surface of the body rests on the ground. C and D, later stage, when the 
body is lifted off the ground, the forearm and shank being vertical, and the limbs 
projecting to the side. 1£ and F, laie stage, when the hind-limb is rotated forwards 
from the acetabulum, and the forc-limb rotated backwards from the glenoid 
cavity; but the hand points forwards and the radius and ulna are crossed. 

and it is much reduced in the dog. In the more primitive forms, and 
those which are specialised for tree-climbing and digging, the clavicle 
is usually present. 

The limbs themselves show interesting modifications. In the earhest 
Tetrapods, the limbs stuck straight out at right angles to the side of 
the body. When the ventral surface of the body became lifted off the 
ground, the upper arm and thigh stuck straight out laterally and 
horizontally; at the elbow and knee there was a right-angle bend, so 
that the forearm and shank descended vertically to the ground. At 
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tSe wmt and anHe, there was another right-ani^e bend, so that the 
hand and foot extended horizontally away from the body, 

In the mammals, starting from the condition just described, the 
limbs have undergone a rotation. The hind-limbs have been rotated 
forwards, so that the thigh runs forwards from the hip-girdle, and 
parallel with the side of the body, the shank runs downwards, an4 
the foot points forwards again. In the fore-limb, however, the upper 
arm has been rotated backwards parallel with the side of the body, 
and the forearm runs downwards. But the hand would point back- 
wards if the fore-limb had undergone a simple rotation similar to 
that of the hind-limb (though in the opposite direction). As a matter 
of fact, the hand points forwards, and this is brought about by a 
rotation of the wrist through 180° about a vertical axis which 
coincides with the forearm. So it happens that the forearm is twisted, 
and the radius runs from the outer side of the elbow to the inner 
side of the wrist, passing in front of the ulna, which runs from the 
inner side of the elbow to the outer side of the wrist. This is the 
typical position (of pronation) in mammals; most Primates, including 
man, however, are able to uncross the radius and ulna and so turn 
the palm of the hand upwards (supination). 

It is impossible to go into all the types of limb-structure, but it is 
interesting to consider the adaptations of limbs to the three great 
media, viz. to locomotion on land, in the air, and in water. 

The fingers and toes of land-living vertebrates above the amphibia 
end in horny claws which may be modified into nails or hoofs. When 
the whole surface of the hand or foot is applied to the ground, as in 
the human foot, the animal is said to be plantigrade. Other animals, 
like the dog, rest only the under surface of the fingers and toes on 
the ground, while the palm of the hand and sole of the foot take no 
share in bearing the animal’s weight. This is the digitigrade condition. 
Others again, such as the horse and cow, which rest only on the end 
joints of the fingers and toes, are unguligrade. The latter form part 
of the order Ungulata. 

The limbs of the horse are specialised for rapid movement on 
hard ground. Only the 3rd digit is retained, and its extremity is 
expanded and surrounded by the nail which gives rise to the hoof. 
The other digits have disappeared, leaving only small vestiges of the 
metacarpals and metatarsals (of the 2nd and 4th digits) in the form 
of “splint-bones”. The fossil ancestors of the horse show different 
stages in this process of reduction of the number of digits, and lead 
back to normal pentadactyl animals. These odd-toed Ungulates are 
called Perissodactyls. Curiously enough, a parallel process of reduc- 
tion in number of digits, and of formation of hoofs consisting of a 
single digit, went on in a group of animals (all now extinct) quite 
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indqiendeQtly of the horses: the Thoatheria. This is a very remark- 
able case of convergence in evolution. 

In the “cloven-hoofed” Ungulates or Artiodactyls, the hoof is 
formed from the end joints of digits 3 and 4, as in cattle, where the 
metacarpals and metatarsals of the two digits fuse. 



Figure 163. Convergence in the adaptation of limbs for flight, A, in birds; 
B, Pterodactyls; C, bats. 

cm, carpo-meiacaipus ; //, humerus; mr, metacarpal ; p, phalanx; /•, radius; u, ulna. 


Among mammals, limbs with a primitive type of structure arc 
those of the Primates, which preserve all the five digits. In most 
Primates, the first digit (thumb or big toe) is capable of touching any 
or all the remaining digits, i.e., is opposable. This structure enables 
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the liitab to grasp objects fitxnly. Apes have this power in feet ^ well 
as hands, while man only preserves the capacity to oppose tlie first 
digit in his hands. 

Three separate and independent groups of vertebrates have 
Decome adapted to life in the air, by the modification of the fore- 
limbs into wings. These are the extinct Pterosauria (“flying reptiles’*), 
the birds and the bats. In the Pterosauria, the fourth digit of the hand 
was enormously elongated, and a web of skin was stretched between 
it and the side of the body, extending back to the hind-limbs and 
tail. The bird’s wing is built on an altogether different principle, for 
the wing-surface is made up of a number of feathers inserted on the 



Figure 164. Convergence in the adaptation of limbs for swimming, in, A 
Ichthyosaurs; B, Plesiosaurs; C, birds (penguin); D, mammals 
(dolphin). 

hand and forearm. The skeleton of the fore-limb of the bird shows a 
reduction in number of digits to three, and the claws at the end of 
the digits have disappeared except in the young of some birds, such 
as the ostrich and the Hoatzin. The primitive fossil bird Archceo- 
pteryx had well-developed claws. 

The wing of the bat is different, again, for in it the 2nd, 3rd, 4th, 
and 5th digits of the hand are much elongated, and support a web 
of skin which stretches out from the side of the body. 

The three types of wings just described form another interesting 
example of convergent evolution on the part of unrelated animals, 
but the most striking example is that furnished by the limbs of those 
land-vertebrates which have subsequently returned to an aquatic 
mode of life and become adapted to it. The adaptation takes the 
form of a modification of the limbs into flippers or paddles, which 
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sapofidallb^ may dame to tesemble the fins of fish, but Mucb t^ay 

their descent from the pentadactyl structure of the land-vertebrate*s. ’ 
iimb in their internal structure. This adaptation has taken place 
l^t nine separate times, in independent groups. Three of these arp^ 
mammals: the whales, the Sirenia, and the seals. Among the birds,^ 
the penguins have modified the wing into a paddle. In the reptiles, 
the turtles (Chelonia), Ichthyosaurs, Plesiosaurs, Mosasaurs, 
Thalattosuchia, and Thalattosaurs all show the same modification 
of the limbs into paddles, and in several fossils it is possible to trace 
the evolution from normal pentadactyl limbs. 

In the more highly modified of these paddle-Uke limbs (as in the 
whales, for example), it is common to find that the number of 
phalanges is increased (a condition known as hyperphalangy). In 
the broad paddles of Ichthyosaurs, the number of rows of phalanges 
exceeds five, producing the condition called hyperdactyly. 

The 5th metatarsal bone is an object of interest. Normally this 
bone is straight, as in the amphibia, the most primitive reptiles 
(Cotylosauria), the Theromorph and allied reptiles and the mammals. 
In other groups of reptiles, however, it is peculiar in being hook- 
shaped, and the possessors of this modified type of 5th metatarsal 
are: Sphenodon, lizards, tortoises, crocodiles. Dinosaurs, and 
Pterosaurs. It is worthy of note that these groups all have characters 
in common in the structure of the heart or of the skull, and are 
regarded as belonging to the great Sauropsidan branch of the reptiles 
which culminates in the birds. It is probable that the hook-shaped 
metatarsal is characteristic of this group, and distinguishes it from 
the other main stem of reptiles (Theropsida) which evolved in the 
direction of mammals. The evidence from the 5th metatarsal fits in 
with that obtained from other sources. 

Mention must be made of those animals which have lost their 
limbs. They have totally disappeared in some of the eels. Among the 
amphibia, the pelvic limbs and girdle have been lost in the Sirenids, 
and the worm-like Gymnophiona have lost all the limbs and girdles. 
Coming to the reptiles, the snakes have lost the girdles and the 
pectoral limbs altogether, while only very small vestiges of the pelvic 
limbs remain. Several families of lizards have independently assumed 
the snake-like form by loss of the limbs, such as the slow-worm 
(Anguis), some of the Scincidi and the Amphisbaenids. These 
forms furnish an interesting example of convergent evolution. 
Among mammals the pelvic girdle and limbs vanish almost com- 
pletely in the whales (Cetacea) and Sirenia. 
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CHAPTER XXIII 


THE TAIL 

An extension of the body behind the anus, containing all the chief 
tissues of the body, is a structure characteristic of chordate animals. 
Its original function was to assist the animal in swimming, for it 
contains myotomes and a portion of the notochord, and so is able 
to take part in the undulatory movements from side to side which 
propel the animal forwards through the water. The area of the tail 
is commonly increased by the formation of a fin in the middle line, 
in the lower chordates. In Amphioxus, the fin is not very large, but 
it extends symmetrically from the middorsal and midventral lines 
of the tail, and tapers to a point behind. This primitive type of tail 
is called diphycercal. It is present also in the Cyclostomes, where it 
is supported by cartilaginous radials, and in early stages of develop 
ment of other forms. 

In Selachians the tail is asymmetrical, for the vertebral column 
is bent slightly dorsally, and the dorsal (epichordal) lobe of the 
caudal fin is reduced while the ventral (hypochordal) lobe is in- 
creased. The ventral lobe is supported by the elongated haemal 
arches of the vertebral column, known as the hypurals, and not by 
separate radials. This type of fin is called heterocercal. In addition 
to the Selachii, it is present in the sturgeon, the Osteolepidoti and 
the fossil Dipnoi. 

In the higher bony fish (Tclcosts) the dorsal lobe of the caudal fin 
is further reduced and the ventral lobe enlarged, with the result that 
the tail presents an externally symmetrical (usually forked) appear- 
ance. Internally, however, the skeleton reveals the fact that this 
homocercal type of tail is derived from the heterocercal, and the 
axis can be seen to bend up at the tip. It is found also that during 
development the homocercal tail passes through a heterocercal 
stage. 

In other forms the tail tapers symmetrically to a point, and so 
comes to resemble the diphycercal type. This secondarily simplified 
type of tail (shown by Macrurus, for example) is called gephyro- 
cercal, and is the result of reduction from the heterocercal or homo- 
cercal condition. The tail-fin of Gadus is peculiar, for it is merged 
with the hind portions of the median dorsal and ventral fins. Such 
a tail is called pseudocaudal. 
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In Ceratodusy the taU seems to be diphycercal (and therefore 
primitive), because its ventral lobe is supported by separate radials, 
and not by hypurals. There is, however, doubt about this, because 
many of the fossil Dipnoi had heterocercal tails, and if it can be 
proved that Ceratodus is descended from them, the structure of its 
tail must be gephyrocercal. 

In amphibia, the tail-fins are present in the larval stages, which 
live in water; but they disappear when the animals come out on 
land, to grow again in some during the water sojourn of the breeding 
season. In the Anura (frogs and toads) the tail disappears altogether 
in the adult terrestrial form; in the Urodeles (newts) it persists as 
a more or less tubular structure. In the Gymnophiona there is 
scarcely any tail at all, for the anus is almost at the hind extremity 



Figure 165. Skeleton of the tail of the salmon, showing the homocercal 
pattern of tail-fin characteristic of most Telcost fish. 

Note the up-turned vertebral column. //, hypurals; /, lepidotrichia; v, vertebra. 

of the animal. In land-animals, the tail ceases to have the function 
which it exercised in the water, and it is often consequently much 
reduced. Instead of being a posterior prolongation of the body, it 
has the appearance of being merely an appendage, and it is of use 
to the animal in the maintenance of its balance, as a covering for 
the anus and genitalia, and in some cases as a fly-whisk. 

Lizards have an interesting modification in that the vertebra; of 
the tail are cleft transversely, and it is at these points that the tail 
can be detached from the rest of the body. This faculty (autotomy) 
is of service to the animal in enabling it to escape from its enemies. 

The primitive birds had long tails, with separate vertebra;, as is 
shown by Archceopteryx. In living birds the caudal vertebra; are 
fused together to form the pygostyle, and the tail is itself much 
reduced. The so-called tail of birds consists of the tail-feathers. 

10 * 
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Iq some aium«&, sudt as the sea-horse, the chamsiebo uid the 
American monkeys, the tail is prehensile and capable of gra^dnio 
A>bjeict8. 

> It is common to find that in those vertebrates which have retumt^ ' 
to the water the tail is well developed and expanded into fins, ’' 
While superficially not unlike the tails and caudal fins of fish, th^ 
show in their structure fundamental differences. So in Ichthyosaurus, ' 
the vertebral column passes back into the ventral lobe of the fin; in 
the whales the two lobes of the caudal fin are not dorsal and ventra^ 
but right and left, for the tail is expanded horizontally. A. 

In the apes and man the external tail has disappeared altogether^^^ 

V 
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CHAPTER XXIV 


THE VASCULAR SYSTEM 

The vascular system is remarkably uniform in its main features in 
all chordates. It consists essentially of four longitudinal vessels 
running along the whole length of the animal. Of these, one runs 
under the gut in the gut-wall (subintestinal vessel); the other three 
run in the body-wall, and are the dorsal aorta and the paired cardinal 
veins respectively. The subintestinal vessel connects with the dorsal 
aorta at the anterior end of the animal by a number of paired vessels 
which run up round the gut on each side passing in between the gill- 
slits. The anterior prolongations of the dorsal aorta (which is paired 
in the anterior region) are the internal carotids. Farther back the 
dorsal aorta gives off small vessels in each septum (between the 
segments) to the tissues of the body-wall, and other vessels which 
pass down the mesentery supporting the gut to supply the gut-wall. 
The blood in the gut-wall is collected up into the subintestinal vessel 
and is led forwards again. On the way, it breaks up into capillaries 
again in a glandular diverticulum of the gut— the liver— and deposits 
much of the digested and absorbed material which it has picked up 
in the posterior region of the gut (intestine). In this way a hepatic 
portal system is formed. The blood in the body-wall makes its way 
to the cardinal veins, and from them it crosses the ccelomic cavity 
between the body-wall and the gut-wall by the ductus Cuvieri (or 
superior vena cava), running in the transverse septum, to the sub- 
intestinal vein. This is the fundamental type on which the peripheral 
vessels are arranged in all chordates, and the details in the various 
groups can be considered under the headings, veins, heart, and 
arteries. It may be remembered that arteries are vessels leading bloody 
away from the heart, and veins lead blood towards the heart, what- 
ever be the kind of blood which they contain. Further, arterial blood 
is rich in oxygen, and venous blood poor in oxygen, whatever may 
be the nature of the vessel which contains it. Actually, the purest 
arterial blood in the body is in a vein (pulmonary), and the foulest 
venous blood is in an artery (also pulmonary). 

THE VEINS. The description given above applies to the venous 
system of Amphioxus. In the Craniates, the presence of mesodermal 
Iddneys (pronephros and mesonephros), lying in the track of the 
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Figure 166a. Diagrammatic representation of the heart and aortic arches of A, a fish; B, an amphibian; C, a lizard# 
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The heart is represented as cut across, so that the obser\'er is looking from the ventral side back into the ventricle, and foi 
into the auricles and the bases of the truncus and arterial arches. c<7, c<Kliac arteT>'; da, dorsal aorta; dc, ductus caroticus; /, 
kt, left auricle; ha, left systemic arch; Ives, left superior vena cava; pa, pulmonary arch; ra, right auricle; rsa, right systemic 
rves, right superior vena cava; s\, sinus venosus; ut, undivided systemic trunk; v, ventricle; vet, inferior vena cava. 
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posterior cardinal Mns, brings about the formation of a renal portal 
system. The anterior cardinal veins give rise to the jugulars, and in 
the Gnathostomes there are veins returning blood from the fins or 
limbs. Those from the anterior limbs are the subclavian veins which 
run into the ductus Cuvieri ; those from the hind-limbs are the pelvic 
veins which run into the renal portals and into the lateral abdominal 
veins. The two latter veins often join in the middle line on the ventral 
side and give rise to the anterior abdominal vein of Ceratodus and 
higher forms. In the amniotes the lateral abdominal veins receive 
the blood from the allantois in the embryonic stages of development. 
Beginning in the Dipnoi, there is another connexion between the 
circulation of the body-wall and that of the gut-wall, apart from the 
superior venae cava;. This is the inferior vena cava. Pulmonary veins 
are present in Polypterus, Dipnoi, and Telrapods, returning blood 
from the lungs to the heart. In the amniotes the renal portal veins ^ 
tend to diminish owing to the fact that the functional kidney of the 
adult is no longer a mesonephros but a metanephros, and in the 
b^ds and mammals there is no renal portal system. 
s / THE HEART. In Ampliioxus there is no specialised heart in which 
the blood is pumped forwards, but, apart from the specialised bulbils, 
the whole vascular system is contractile and propels the blood along. 
Beginning in the Cyclostomcs, there is a definite portion of the sub- 
intestinal vein in front of the liver and behind the gill-slits which is 
set apart as a muscular pump, and forms the heart. The veins from 
the liver and the ductus Cuvieri are received by a sinus venosus, 
which in turn leads into a thin-walled auricle. The latter passes the 
blood on to the thick-walled muscular ventricle, by which it is 
propelled into the anterior portion of the subintestinal vessel which 
is called the ventral aorta. The arteries are surrounded by smooth 
muscle, but the musculature of the heart is peculiar and unique in 
that it shows a number of cross-strialions and its fibres branch. The 
openings between the various subdivisions of the heart are guarded 
by valves which prevent a return flow. 

In Scyllium the ventricle is produced forwards into a muscular 
and contractile conus, which contains several rows of valves. In 
front of this, the base of the ventral aorta is swollen into a non- 
contractilc bulbus. (The walls of the conus contain heart-muscle, 
those of the bulbus smooth muscle.) In the higher bony fish the conus 
tends to disappear while the bulbus enlarges. Amia is primitive in 
showing a fairly large conus with three rows of valves. In the Dipnoi, 
the valves of tlie conus are well developed, and they give rise to a 
spiral septum w'hich almost or quite divides the conus into two. 
These same forms are further very interesting in that the ventral 
aorta is very much shortened up into a truncus (instead of extending 
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forwards^ all the way beneath the gills as in Scyllium), and also 
because in Ceratodus there is a beginning of the subdivision of the 
auricle into two, with the pulmonary veins running into the left 
subdivision. 

In the frog, the heart is not unlike that of Ceratodus^ except that 
the auricles are completely divided into two, and that the spiral 
septum in the conus and truncus is better developed, dividing a 
pulmonary channel (leading to the pulmonary arches) from an aortic 
channel (leading to the aortic and carotid arches). 

In the water-breathing forms, the heart is always full of venous 
deoxygenated blood, while in air-breathing forms there is always a 
double stream of blood in the heart. One of these streams is arterial 
and oxygenated, and the other venous and deoxygenated. Since in 
the frog there is only one ventricle, and both the arterial blood from 
the left auricle and the venous blood from the right auricle open into 
it, there is a mixture in the ventricle which is sorted out into the two 
channels in the truncus by the spiral septum and valves. In newts, 
the septum between the auricles tends to break down, as does the 
septum in the truncus. In the embryonic stages of amniotes the 
septum between the auricles remains incomplete also, until the time 
of hatching or birth, in connexion with functional details of the 
embryonic circulation. 

The hearts in the amniotes fall into two classes, neither of which 
can be derived from the other, and which must have been separately 
evolved from the amphibian condition. The conus is reduced and 
incorporated in the wall of the ventricle, but while in one group 
which may be called Sauropsidan the truncus is split right down to 
the ventricle into three channels, in the other or Theropsidan group 
it is split into only two channels. 

The three channels in the Sauropsida are the pulmonary, the right 
systemic, and the left systemic. The two latter cross over one another 
so that the right systemic springs from the left side of the ventricle, 
while the left systemic arises with the pulmonary from the right side 
of the ventricle. In the lizards, snakes, tortoises, and Sphenodon^ 
the ventricle is still single, although there is a septum which divides 
it incompletely. The left auricle, as always, contains the arterial 
blood, most of which goes into the right systemic arch. In the croco- 
dile, the interventricular septum is complete, but it is formed in such 
a way that while the right systemic arch gets all the arterial blood 
from the left auricle, the left systemic arch, together with the pul- 
monary, gets only venous blood from the right auricle. There is a 
small foramen (of Panizza) between the right and left systemic arches 
which allows a little interchange of blood. The condition in the bird 
is like that of the crocodile except that the left systemic arch has 
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been abolished altogether, which is not surprising, seeing that it 
could only distribute blood which is almost purely venous. In the 
bird, therefore, with its four-chambered heart, there is no mixture of 
arterial with venous blood; all the venous blood in the heart goes 
to the lungs and only to the lungs. In reptiles and birds, the carotids 
arise from the right systemic arch. 

The two channels of the truncus in the Theropsida are the pul- 
monary and the single systemic aorta. These forms include the mam- 
mals, and the Theromorph reptiles, although the latter (fossils) are 
obviously only known from their skeleton. The heart is four- 
chambered, and the ventricle is completely divided into two, so that 
all the venous blood from the right auricle goes into the pulmonary 
arch, and all the arterial blood from the left auricle into the systemic 
aorta, and there is no mixture. It so happens that the aortic arch of 
the right side does not persist, and only the left one remains, but 
it is of the utmost importance to realise that the reason why there is 
a single systemic arch in the bird is totally different from that which 
is responsible for the single arch in the mammal. The structure of 
the heart in the amniotes shows that the reptiles contain two main 
lines of evolution (besides other less important lines), the one cul- 
minating in the birds and the other in the mammals. The sinus 
venosus disappears in the highest forms, birds and mammals, and is 
represented by the so-called sino-auricular node. This structure is of 
great funcliortal importance, for it acts as the pace-maker to the 
heart. It is here that the contraction originates, which contraction 
then becomes taken up by the other parts of the heart, and con- 
stitutes its “beat”. In birds and mammals the superior and inferior 
caval veins open direct into the right auricle. The sino-auricular 
valves give rise in the mammals to the Eustachian and Thebesian 
valves. The right auriculo-ventricular valve is muscular in birds, 

THE ARTERIES. In the fish typically, each of the visceral arches 
has an afferent branchial artery leading from the ventral aorta to the 
gills, and an efferent branchial artery connecting the gills to the 
lateral dorsal aorta. The vessels in the mandibular arch become 
reduced. The general arrangement of these vessels is necessitated by 
the presence of the visceral clefts, which make it impossible for the 
vessels to reach the dorsal side of the gut from the ventral side except 
by passing in the visceral arches between the clefts. Since gill-slits or 
pouches are present in the embryos of all chordates, the same reason 
accounts for the arrangement of the arterial arches in the higher 
forms. In the air-breathing vertebrates, the gills are reduced and 
there is a continuous vessel in each visceral arch running from the 
truncus arteriosus (ventral aorta) to the lateral dorsal aorta. 4n 
Salamandra all the vessels in the 3rd to 6th visceral arches persist. 
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The 3rd tecomes the carotid, the 4th aod 5th become systemics» and 
the 6th is the pulmonary. All these arterial arches place the truncus 
in communication with the lateral dorsal aorta. The lateral dorsal 
aortae are, however, interrupted between the dorsal ends of the 3rd 
and the 4th arterial arches; i.e., there is no ductus caroticus. The 
conditions in Triton are similar except that the 5th arterial arch has 
completely disappeared. In Lacerta (as in all higher forms) the 3rd 
arch persists as the carotid, the 4th as the systemic, and the 6th as 
the pulmonary. In Lacerta^ the connexion between the dorsal ends 
of the arteries of the 3rd and 4th arches persists, forming the ductus 
caroticus. The lateral dorsal aorta is here accordingly uninterrupted. 
The ductus caroticus is absent in the adult of higher forms. The 
connexion between the pulmonary arch and the lateral dorsal aorta 
is the ductus arteriosus. This connexion is important in the embry- 
onic stages of Amniotes. It enables the blood from the right side of 
the ventricle (or the right ventricle, if it is separated off) to reach the 
lateral dorsal aorta through the pulmonary arteries, instead of going 
to the lungs. At these early stages of development the lungs are not 
yet open. In the adult amniote, the ductus arteriosus usually de- 
generates into a ligament, as, for example, in the mammal (on the 
left side), or disappears. It persists, however, in some turtles, and 
their case is interesting, for they are in the habit of diving, and 
during the submerged period the lungs are not working. The blood 
in the pulmonary artery can then escape into the general circulation 
without going through the lungs. The ductus arteriosus is also called 
the ductus Botalli. 

In the frog, there is neither ductus caroticus nor ductus arteriosus 
in the adult. 

In the Sauropsidan reptiles, the right and left systemic arteries of 
the 4th arch are separate right down to the base of the truncus. The 
left one of these arches is absent in the bird. The subclavian arteries 
come off from the right systemic arch in lizards (dorsal type of sub- 
clavian); in Chelonia, crocodiles, and birds, the subclavian arteries 
are given off from the carotids (ventral type). 

In the mammal, the right and left arteries of the 4th (systemic) 
arch differ from those of the Sauropsidan reptiles in that the aorta 
is undivided, instead of being split to its base. The artery on the 
right side does not reach round to the dorsal aorta; it is given the 
name of innominate artery, and it leads to the right carotid and sub- 
clavian arteries. That on the left side forms the so-called aorta, gives 
off the left carotid and subclavian arteries, and continues back as 
the dorsal aorta. It is connected with the pulmonary arch by the 
ductus arteriosus as already mentioned. 

The internal carotid arteries are the anterior prolongations of the 
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lateral dorsal aortas, and they enter the skull by passing up^ between 
the trabeculae, close to the pituitary body. The external carotids are 
the anterior prolongations of the ventral aorta, on each side of the 
thyroid. 

The proximal ends of the arteries and veins are joined at the heart. 
The distal ends of the arteries are connected with those of the veins 
by the capillaries, so that the whole vascular system is a closed one. 
When a vein starts from capillaries and breaks down into other 
capillaries again before reaching the heart, it is known as a portal 
vein. The hepatic portal vein occurs in all chordates, the renal 
portal appears in the Cyclostomes and disappears in the amniotes. 

The blood of Amphioxus is colourless, but in all higher forms, 
haemoglobin, a respiratory pigment, is present in corpuscles, which 
become known as “red blood-corpuscles’*. In the adult mammal, 
these corpuscles are peculiar in being non-nucleated. In forms with 
enclosed embryonic development (e.g. Mammals) the embryonic 
haemoglobin differs in its affinity for oxygen from that of the adult. 
(See p. 200,) The white corpuscles of the blood play an important 
part in the defence of the organism against invasion by foreign 
bodies. In the embryo, the blood arises from blood-islands, between 
the mesoderm and the endoderm in the region of the yolk. In the 
adult, blood-corpuscles arc formed in the marrow of the bones, and 
in the lymphatic organs. The blood is under pressure in the arteries 
and capillaries, owing to the contraction of the smooth muscle 
surrounding the former and of the Rouget-cells which compose the 
walls of the latter. 

LYMPHATICS. Attention may now be turned to the lymphatic 
system. In addition to the blood-vessels, the body contains a system 
of vessels, channels, and spaces in which lymph circulates, forming 
the lymphatic system. It is in communication with the coelomic 
cavity. Lymph is blood-plasma and white corpuscles which exude 
from the capillaries and bathe all the tissues of the body, supplying 
them with nutritive products. From the tissues, the lymph (which may 
thus be regarded as blood minus the red blood-corpuscles) is 
gathered up into thin-walled channels, called the lymphatics. These 
start from blind ends and eventually join the veins, in particular the 
subclavians, the left of which receives the main lymphatic trunk 
which is known as the thoracic duct. In the amphibia the space 
between the skin and the muscles of the body-wall is occupied by 
lymph, and in certain regions “lymph-hearts'* are present, with 
muscular walls, which propel the lymph along. These lymph-hearts 
arc lacking in mammals. Lymphatic vessels are present in the wall 
of the intestine, and are known as lacteals, for they absorb the fatty 
products of digestion, and the milk-like emulsion which they contain 
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glides them a white appearance. Here and there along the lymphaUcs, 
lymph glands are formed. To these belong the spleen (which first 
appears in the Selachii), the tonsils (derived from the 2nd pair of 
visceral pouches), and Peyer’s patches along the intestine in the 
mammals. 


LITERATURE 

Barclay, A. E., Franklin, K. J., and Prichard, M. M. L. The foetal 
circulation. Blackwell, Oxford, 1945. 

Goodrich, E. S. Vertehrata Craniata, Cychstomes and Fishes. Black, 
London, 1909. 

Goodrich, E. S. On the Classification of the Reptilia. Proceedings of the 
Royal Society, Ser. B, vol. 89. 1916. 



CHAPTER XXV 


THE RESPIRATORY SYSTEM 

All chordates have a closed vascular system and haemoglobin as 
a convenient transporter of oxygen. Their respiratory systems in- 
volve structures in which blood-vessels are brougk into close 
contact with the surrounding medium (water or air) with as little 
intervening tissue and as great an exposed surface as possible. The 
former requirement is met by the very thin nature of the epithelium 
covering the blood-vessels, and the latter by reducing the size of the 
blood-vessels to capillaries, which therefore have a large surface 
compared with their volume. 

The respiration of embryos within their membranes is effected by 
various means, such as the circulation of the yolk-sac or of the 
allantois, as has been described in connexion with the development 
of the frog, chick, and rabbit. 

After the embryonic stage has been passed, chordates breathe 
either by gills, or by gills and lungs (sometimes assisted by the skin), 
or by lungs alone. 

Gills are groups of capillaries in the walls of the gill-slits, through 
which water passes out from the pharynx. In Amphioxus the current 
of water is caused by the action of the cilia on the under side of the 
oral hood and in the gill-slits themselves. Fish breathe in the follow- 
ing manner: the gill-slits are shut and the floor of the mouth is 
lowered, which causes water to enter the mouth. The mouth is then 
closed, its floor is raised, and the water escapes through the gill-slits. 
When Cyclostomes are feeding, they are firmly attached to their 
prey by their mouth and the sucker surrounding it. They cannot 
therefore take in water through the mouth, and the gill-pouches are 
modified into sacs which pump water in and out again. In the larva 
of some fish (Polyptenis, LepiJosiren), and in those of amphibia, 
external gills may be developed in the form of tuft-like structures 
projecting out from the body into the water, and which enable the 
blood to be oxygenated before the gill-slits are pierced. The larval 
amphibia afterwards develop ordinary gills on the outer faces of the 
gill-arches, and their respiration is like that of the fish. In ail these 
cases the respiratory movements are brought about by means of the 
contraction of visceral muscles, innervated by dorsal cranial nerve- 
roots, and controlled by a centre in the medulla oblongata. 
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The first visceral cleft was origbally as in Acanthodes a functional 
respiratory slit like the gUl-sUts behind it. In living forms, the first 
visceral cleft is reduced to a small aperture or spiracle in Selachii, 
PolypteriiSy and Acipenser; but in all other forms it is closed. There 
may be a spiracular gill, which is called a pseudobranch because its 
capillaries receive blood which has already been oxygenated in the 
next posterior (true) gill. In the Tetrapods the cavity of the spiracular 
cleft gives rise to the tympanic cavity and Eustacliian tube. 

The rays are Selachii adapted for living on the sea-bottom, and 
they are of a flattened shape, with the gill-slits on the under side. 
The spiracle is on the upper side, and serves to admit water into the 
pharynx. In the Selachii, the gill-sUts are uncovered, but in the bony 
fish (Dipnoi and Teleostomes) they are covered over and protected 
by an operculum. An analogous operculum develops in the larva of 
the frog, and it may be remembered that in Amphioxus the gill-slits 
are protected by being enclosed in the atrial cavity. 

The gill-sacs of Petromyzon all open independently to the exterior, 
whereas those of Myxine have a single joint opening on each side. 

The number of gill-slits in Amphioxus is large (up to 180). In 
Selachii, not counting the spiracle, it is five, except in Heptanchus 
which has seven, and Hexanchus and Pliotrema which have six. 
Five is also the number in bony fish except Eurypharynx which has 
six. It is important to remember that gill-slits or pouches arc present 
in early stages of development of all chordates up to and including 
mammals, and that they play a part in the disposition of the arterial 
arches although they cease to function as respiratory organs. Their 
walls also contribute to the formation of the thymus and para- 
thyroid glands. 

The adult Amphibia (or most of them, i.e., those which have not 
lost their lungs) and all higher vertebrates breathe by lungs. (The 
use of the skin as a breathing organ in Amphibia is made possible 
by the fact that their skin is moist and uncovered.) 

Lungs are also present in some fish. In PolypteruSy there is a 
trachea leading out from the ventral side of the oesophagus, and 
forking into two lungs. The cavity of these lungs is divided into small 
spaces or “cells”, which has the result of increasing the internal 
surface. Such lungs are called cellular, and they are supplied with 
blood by pulmonary arteries, i.e., branches from the last (6th) pair 
of branchial arterial arches. From them, blood returns (to near the 
sinus venosus) by paired pulmonary veins. In the Dipnoi, there are 
paired lungs in Protopterus and Lepidosiren, but a single one only in 
Ceratodus. Their relations are similar to those of PolypieruSy except 
that the lungs, together with the pulmonary arteries and veins, have 
been displaced to a dorsal position by passing round the right side 
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of the cesophagul. In Ceratodus the pulmonary veins open into the 
left side of the auricle. Lungs were almost certainly present in the 
Osteolepidoti. These animals lived or live in fresh water in which the 
oxygen-content is low (owing to desiccation and accumulation of 
decomposing organic debris), and branchial respiration is supple- 
mented by the intake of bubbles of air through the mouth. Indeed, 
Protopterus is able to withstand periods of drought when the swamps 
in which it lives dry up, by burying itself in the mud and breathing 
by its lungs. The lungs of higher vertebrates are easily derived from 
those of the fish just described. It is possible that the lungs represent 
a pair of gill-pouches behind the remainder, and which ceased to 
open to the exterior. They are formed from the endoderm and com- 
municate with the alimentary canal, and they preserve their blood- 
supply from the vessel of the last branchial arch. 

In the higher bony fish, the lung is single and modified. In the 
primitive form Amia, it is still supplied with blood from the last 
branchial artery and its walls are cellular, but in all the rest it derives 
blood from the coeliac artery and dorsal aorta, and its walls are not 
adapted for the diffusion of gases through them, except in a restricted 
vascular area. In some forms it remains connected with the alimen- 
tary canal by an open tube, but in others it is completely shut off 
(in the adult condition). In these higher bony fish, the lung no longer 
functions as a respiratory organ, but it has become a hydrostatic 
organ. The quantity of gas which it contains is regulated by the 
vascular area just referred to (where oxygen may be passed from the 
blood into it or vice versa), and the fish is able to adapt its specific 
gravity to that of the depth of the water at which it is swimming. 
It is therefore able to maintain its depth without muscular effort. In 
these forms it is no longer a lung, but an air-bladder or swim- 
bladder. In some I'elcosts, such as the catfish {Amiurus), the swim- 
bladder enters into relations with the auditory vesicle, and is con- 
nected with it by a chain of small bones called the Weberian ossicles, 
which arc derived from the first three vertebrae. In some other 
Teleosts, the swim-bladder disappears in the adult, and these are 
often found to be bottom-living forms, which live at a more or less 
constant depth. 

Strange as it may seem, therefore, it is probable that the lungs 
were evolved while the vertebrates were still in the water, and that 
they gave rise to the swim-bladder by specialisation. 

It is now necessary to turn to the relations which the olfactory 
organs bear to the respiratory system. In the Selachii and the higher 
bony fish, the nasal sacs have no connexion with the mouth, but this 
is not the case in the most primitive bony fish. In Osteolepis and in 
the Dipnoi there are external nostrils on the snout, and they lead to 
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internal nostrils which open into the mouth«cavity. This condition 
is also present in all the Tetrapods. In these forms, therefore, the 
olfactory organs are subservient to the respiratory system in that 
they enable the respiratory medium (water or air) to enter the mouth* 
cavity without having to pass through the mouth itself. It may be 
remembered that in Petromyzon the nostril is single and confluent 
with the opening of the hypophysial sac. The same is true of Myxine, 
but here the hypophysial sac opens into the alimentary canal. This 
connexion between nose and gut is, however, quite different from 
that of the other forms just mentioned, and was independently 
acquired. 

The amphibia when adult breathe air into their lungs, but the 
mechanism for doing so is similar to that which the fish use for 
breathing with their gills. The floor of the mouth is lowered and air 
is taken into the mouth cavity. The mouth and nostrils are then 
closed, and the floor of the mouth raised, which forces the air down 
the throat and larynx into the lungs. 

The method of respiration in the amniotes is more efficient. The 
volume of the lungs is increased by the expansion of the thoracic box, 
and this is accomplished by movements of the ribs (assisted in the 
mammhls by movements of the diaphragm). The muscles concerned 
in these movements are somatic and innervated by ventral nerve- 
roots of the neck and thorax. The tortoises, whose ribs are, of course, 
fixed to the carapace which surrounds them, replenish the air in 
their lungs by movements of the neck, arms, and legs. 

The lungs of Polypterus, Dipnoi, and amphibia are more or less 
hollow sacs. In reptiles the internal surface of the lungs is increased 
by foldings of the walls, with the result that the lungs can no longer 
be described as simple hollow sacs. In birds and mammals, this 
process has been carried still further, and the lungs are spongy 
masses of tissue penetrated by innumerable small air-spaces. In 
mammals, the internal surface-area of the lungs may be thirty times 
that of the external surface of the body. 

The lungs of the chamaeleon are of interest in that they are pro- 
duced into a number of blind diverticula or air-sacs. These air-sacs 
reach their highest degree of development in the birds, in which they 
may occupy a large volume. Air is led into the air-sacs from the 
bronchi passing straight through the lungs, and it then passes back 
into the lungs where it oxygenates the blood, and out again through 
the trachea. The efficiency of this mechanism lies in the fact that 
there is a through-draught right through the lungs. All the air can be 
renewed, whereas in other forms, the lungs are blind saTcs and there 
is always a certain amount of stale residual air at the bottom of them 
which cannot be renewed. The efficiency of the respiratory system 
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has played a large part in the evolution of the birds, which require 
a high rate of metabolism in order to perform the very arduous 
muspular exertion of maintaining the body in the air during flight. 

Attention may now be turned to two modifications which may 
occur in connexion with the respiratory system. The first concerns 
the formation of the false palate. This structure is a secondary roof 
to the mouth, closing over the original internal nostrils, and en- 
closing the nasal passage as far back as the secondary choana. The 
secondary choana is opposite the glottis (the opening through which 
the pharynx communicates with the larynx and trachea, and so with 
the lungs), and the whole structure is an adaptation enabling the 
animal to breathe and yet have its mouth full of food or water at the 
same time. It is especially developed in aquatic forms such as the 
crocodile and the whale, but it is characteristic of the higher Thero- 
morph reptiles and mammals in general. In the whales the glottis can 
be pushed right up into the secondary choana, thus making a closea 
communication between the external nostrils (above the surface of 
the water) and the lungs, without running the risk of water entering 
the latter from the mouth. In the higher vertebrates, and especially 
those which frequent deep waters, the windpipe or trachea is pre- 
vented from collapsing by rings of cartilage or bone. 

The fact that respiration in terrestrial vertebrates involves the 
pumping of air in and out of the body has been made use of in 
connexion with the production of sound. Bands of connective tissue 
stretch across the cavity of the larynx, and can be thrown into 
vibration by the passage of the air. These bands are the vocal cords. 
In the male frog there are vocal sacs at the corners of the mouth, 
and these become distended with air when the animal “croaks” 
and act as resonators. 

The larynx and its vocal cords are the organ of voice-production 
in the mammal, and the pitch of the sounds can be controlled by the 
tension of the cords and the laryngeal muscles. The false palate acts 
as a resonator. In the birds there is a special organ called the syrinx 
situated at the fork where the trachea divides into the two bronchi, 
and it is to the vibrations of this that the song of birds is due. 

It is interesting to note that the powxr of producing vocal sounds 
has evolved parallel with the capacity for appreciating them, or in 
other words, the ditferentiation of the cochlear part of the ear. 
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CHAPTER XXVI 


THE ALIMENTARY SYSTEM 

The alimentary system comprises the tube which leads from mouth 
to anus, together with the glands attached to it which aid in the 
processes of digestion. There is a slight invagination of the ectoderm 
at the mouth and anus, forming the stomodteum and the procto- 
da;um ; but the remainder, which forms by far the larger part of the 
alimentary system, is formed exclusively from the endoderm. In 
addition to the digestive glands, the alimentary canal has a number 
of derivatives which have been considered in connexion with other 
organ-systems. So the gill-pouches and the larynx and lungs belong 
to the respiratory system; the allantoic bladder forms part of the 
excretory system; while the thyroid gland, which in Giiathostomes 
and adult Cyclostomes is one of the endocrine organs, belongs to the 
alimentary systems in Amphioxus and the larval Cyclostome 
(Ammocoete). 

The primitive method of obtaining food is by the creation of a 
current of water towards the mouth by means of cilia. This is the 
case in Amphioxus, the Ascidians, and the Ammocoete larva of 
Cyclostomes. Here the endostyle is accessory to the alimentary 
system in that it ensures that the particles of food reach the intestine 
instead of being lost with the current of water flowing out through 
the gill-slits. The method of feeding by means of a sucking mouth 
and a rasping tongue which is characteristic of the Cyclostomes, is 
secondary and specialised. In all the Gnathostomes, the most 
anterior visceral arches, between the mouth and the first visceral 
cleft, become modified and adapted for seizing food, and give rise to 
the jaws. This method enables food of larger size to be obtained than 
is possible by the ciliary method, and the Gnathostomes were thereby 
able to evolve to greater size. In these forms also, the jaws are 
garnished with teeth, and the nature and shape of the teeth varies 
with the kind of diet. Not only do teeth assist in seizing prey, but in 
the higher forms they serve to grind it up small, which is an aid to 
the processes of digestion. In the higher vertebrates, the tongue may 
also be used for obtaining food as in the case of the chamslcon, and 
it assists in the process of swallowing. 

In the primitive forms the alimentary canal or gut runs straight 
from mouth to anus, as in Amphioxus and the Cyclostomes. In these 
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two toims the lining of the gut is ciliated, but in higher forms the 
dilation is restricted to certain anterior regions, and in them the food; 
is propelled along by peristaltic action of the smooth muscle in thd 
glfit-wall. ^ 

Beginning in the Selachians, a special part of the gut is modified, 
^ as a receptacle in which bulky food (capture of which is made 
’ possible by the jaw method of feeding) is treated with digestive 
juices secreted by its walls, and in which absorption does not take 
place. This is the stomach, and in all Gnathostomes it is an enlarged, 
region of the gut, kinked to the left side of the body, and situated 
between the non-digestive supply-tube or ccsophagus and the ab- 
sorbent intestine. The intestine of the Gnathostomes is greater in 
length than the space which contains it, with the result that it is more 
or less coiled. In the higher forms the intestine is very considerably 
longer than the body itself. The effect of this is to increase the surface 
of absorption. A modification which serves the same function is the 
spiral valve in the intestine, which is feebly developed in Petromyzon 
and well developed in the Selachians. The spiral valve is also present 
in Ceratodus and in a few primitive bony fish (Teleostomes), but it 
is lost in all higher forms. A peculiarity of the stomach of the higher 
bony fish (Tcleostei) is the development of a number of blind out- 
growths (pyloric cjeca) from the hinder end of the stomach. The wall 
of the intestine is well supplied with blood-vessels belonging to the 
hepatic portal system, and with lymphatic vessels or “lacteals”. 

The oesophagus in birds is modified and enlarged into a crop or 
temporary storage place. The stomach is divided into two regions. 
The first of these, the proventriculus, has soft walls provided with 
glands. Next comes a hard-walled gizzard, in which the food is 
crushed with the help of stones, for the bird has no teeth and so 
cannot perform this function in the mouth. 

In mammals, the stomach is simple except in a group of the 
Ungulates called the Ruminants, where it is divided into several 
parts. These animals ‘*chew the cud”, and their stomach is modified 
in consequence. The food (grass) is swallowed down (without being 
masticated) into the anterior divisions of the stomach composed of 
the paunch or rumen, and the “honey-comb” or reticulum. When 
the animal ceases feeding, the food is brought up to the mouth again 
and thoroughly chewed and salivated. It then redescends to the other 
divisions of the stomach, termed the maniplies and the abomasum. 
The latter has glandular walls, and secretes digestive juice. 

The region between the intestine and the anus is short and straight ' 
in the lower forms, and is called the rectum. It is usually marked off 
from the intestine by the development of a constriction, the ileo- 
colic sphincter, and by one or two blind diverticula or caeca. In the 
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Tetrapods the regioti between the intestine and the wus becomes 
loni^r and coiled, and it becomes possible to distinguish a so^Ued 
lajge intestine (on account of its diameter) or colon which is coiled, 
from the terminal straight rectum. The intestine proper is then called 
the small intestine. The large intestine is concerned with the absorp- 
tion of water from the non-digested remains of the food, a function 
of importance for animals which inhabit dry land. 

The caecum in mammals may be very large, as in the rabbit, and this 
condition is common in herbivorous animals. The caecum contains 
a colony of bacteria whose function it is to attack the cellulose of the 
food and to digest it. In other forms the caecum is reduced, and may 
be represented only by its tip, the vermiform appendix, as in man. 

The anus primitively opens to the outside in conjunction with the 
urino-genital ducts, forming a cloaca. This condition is departed from 
in the higher bony'fish (Teleostomes) and in the higher mammals or 
Ditremata (Marsupials and Placentals), in which the alimentary and 
urino-genital systems open separately to the exterior . 

The first special digestive gland to appear is the mid-gut diverti- 
culum, which is present in Amphioxus, It may correspond with the 
intestinal diverticula found in the Ammoccete larva of certain 
Cyclostomes. The proteolytic enzymes of Amphioxus and Cyclo- 
stomes are of the tryptic type, functioning in an alkaline medium. It 
is not until the Fish stage, with a stomach, is reached that acid and 
peptic enzymes appear. The acid probably played an important part in 
killing the prey, dissolving its skeleton, and rendering it aseptic. 

It was in the Cyclostomes that the liver first appeared; in higher 
forms the increasingly important function of the bile being to 
neutralize the acid of the gastric secretions and thereby enabling 
tryptic digestion to continue, the tryptic enzymes being secreted by 
a recognisable pancreas. 

Salivary glands are lacking from the lower water-living chordata, as 
is readily understood when it is remembered that a current of water 
is constantly sweeping through the mouth to the gill-slits. Salivary 
glands make their appearance in the Amphibia. In the snakes, 
some of the salivary glands may be modified into poison-glands. 

The control of secretion in the higher vertebrates is subject both 
to nervous impulses passing through the autonomic nervous system, 
and to hormones (e.g., secretin). 
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CHAPTER XXVIl 


THE EXCRETORY AND REPRODUCTIVE SYSTEMS 

Amphioxus is unique among chordate animals in possessing true 
nephridia. These organs are situated above the gill-slits, their 
solenocytes project into the lateral dorsal coelomic cavities, and their 
external openings lead into the atrial cavity. The gonads of AmphU 
oxus arc segmental, and situated at the ventral ends of the original 
myocoelic cavities. The germ-cells of each segment make their way 
independently to the exterior (actually into the atrial cavity) by pores 
in the body-wall. 

It is possible that the region of the coelom, which in all higher 
Chordates is concerned with the formation of the excretory organs, 
corresponds to that region which in Amphioxus forms the gonads. 

Originally there must have been a continuous row of little tubes 
on each side of the body, leading out of the splanchnocoel into a 
duct which collected from them all, and opened to the outside at or 
near the anus. These little tubes represent the original connexion 
between the myocccl and the splanchnocoel (the nephrococl, in the 
intermediate cell-mass), and consequently they are segmental in 
arrangement: one tubule on each side to each segment. Such an 
arrangement has been called an archinephros, and the duct the 
archincphric duct, and this condition is almost fulfilled in the Cyclo- 
stome BikHostoma. Here a continuous row of tubules is formed, but 
an intermediate section of them disappears, thus separating an 
anterior batch -the pronephros- from a more posterior set — the 
mesonephros. In other forms the pronephros appears first, and the 
duct which is formed by the backward growth of the ends of the 
tubules is the proncphric duct. The pronephros is the functional 
larval kidney in the lower vertebrates, and the pronephric duct 
grows back to the cloaca without waiting for the mesonephric 
tubules to develop. W hen these form, they find the pronephric duct 
ready-made to receive them. After receiving the mesonephric tubules 
the pronephric duct becomes known as the mesonephric duct, and 
the pronephros degenerates (except in the bony fish Fierasfer and 
Gobiesox). The functional kidney in the adult fish or amphibian is 
the mesonephros. 

The cavity of each tubule (pronephric or mesonephric) becomes 
shut oil' from the splanchnocoel, although the opening of the 
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tubule into the splanchnocod (the ciliated funnel or coelomostome) 
may persist (as in Selachians and amphibia) on the median side of 
the occlusion. The cavity of the tubule now becomes known as a 
Bowman's capsule, and its wall is indented by capillaries from the 
dorsal aorta and leading to the posterior cardinal vein, forming the 
glomerulus. Bowman’s capsule and the glomerulus together form 
a Malpighian corpuscle. Primitively, these corpuscles are segmentally 
arranged, and this condition is retained in Myxine, In other forms 
the number of Malpighian corpuscles is greatly increased by the 
formation of others by budding. 

Essentially, the glomerulus is an adaptation to life in fresh water, 
in which, the water being hypotonic to the body-fluids of the animal, 
there is constant ingress of water by osmosis. The excess water is 
got rid of by filtration from the blood in the glomeruli to the 
Bowman’s capsules and so to the exterior. At the same time, 
during the passage of this filtrate down the tubules, certain substances 
(salts and sugars) are reabsorbed and returned to the blood. 

In fishes and amphibia the nitrogenous excretory products are 
usually ammonia or urea, both of which are easily soluble in water. 
The glomerular system is therefore well adapted to carry out the 
excretory function as well as adjusting the water-balance. 

In the Cyclostomes, the germ-cells in the two sexes arc shed into 
the coelomic cavity, and make their way to the exterior by a pair of 
pores at the base of the mesonephric ducts. In all higher forms the 
sperms are never shed into the coelom, but led by vasa efferentia to 
the vas deferens, primitively passing through the tubules of the 
mesonephros. The vasa efferentia arc the coclornic funnels leading 
into the tubules, and the mesonephric duct forms the vas deferens 
or Wolffian duct. In addition, on each side there is another duct, in 
the embryo. This is the Mullerian duct or oviduct, which develops 
in the females but becomes reduced in the males. The Mullerian 
duct in the Selachians arises by splitting off from the Wolffian duct, 
but in other forms it grows back independently from its opening 
into the coelom (the oviducal funnel or Fallopian tube) in front, to 
the cloaca behind. The eggs are then shed into the coelom whence 
they enter the oviducts, whereas the sperms pass down a duct which 
serves for them as well as for the evacuation of urine from the 
kidney. Thus, while the Cyclostome has a single kidney-duct on 
each side in both sexes, and the germ-cells do not pass through it, in 
the fish and amphibia typically the females have two ducts on each 
side. One of these is the Wolffian duct evacuating the urine, the 
other is the Mullerian duct leading out the eggs. In the males of 
fish and amphibia the Wolffian duct evacuates both urine and 
sperms; the Mullerian duct is reduced, and in the Selachian is 
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^ rippresenti^ only by the funnd and the sperm-sacs. This condition is 
also represented in the frog and newt. 

In several different groups of hsh and amphibia, this arrangem^t 
^ is slightly altered by the separation of a part of the Wolffian duct 
conveying the sperms (vas deferens) from another part which drains 
the kidney (mesonephric ureter, not a true ureter). By this means, 
the sperms avoid going through the excretory part of the kidney, 
and this condition is found in the Dipnoan Protopterus, Polypterus^ 
the Teleosts, and in such toads as Alytes, in all of which it has been 
independently developed. In Scylliuniy it will be remembered that 
only the hinder part of the mesonephros is excretory in function, 
and the sperms pass through the anterior part. 

In Lepidosteus and many Teleosts, the ccelomic wall surrounds the 
ovary forming a sac which joins on to the oviduct. In this manner 
the ovary is completely shut off from the ccelomic cavity, and cdp- 
sequently the eggs are not shed into it, but led directly to the exteijibn 

In the amniotes, the functional kidney in the adult is the meta-i- 
nephros, and the metanephric duct or ureter is an outgrowth from the 
Wolffian duct. The Wolffian duct is therefore spared the function of 
evacuating urine, and it persists only in the male, where it functions 
solely as a vas deferens for the sperm. The mesonephric tubules 
form the epididymis. The Mullerian duct disappears in the male, 
and the Wolffian duct disappears in the female. The Mullerian duct 
persists in the female as the oviduct. In the adult bird, only the left 
ovary and oviduct persist. 

The tubules of the metanephros in birds and mammals have a 
special segment, the loop of Henle, where water is absorbed from 
the filtrate that has passed through the glomeruli with the result that 
a concentrated hypertonic urine is formed. This is an adaptation to 
life on dry land and to the necessity for conservation of water. The 
nitrogenous excretory product in mammals is urea: in most reptiles 
and in birds it is uric acid, and in these forms the excretory ducts 
lead into a cloaca, common with the end of the rectum. As the 
latter organ also has the function of reabsorbing water, the urine in 
these animals when ejected is almost solid. 

Except in the Monotremes, the base of the oviduct in the mammals 
becomes specialised to form the uterus, in which the embryos undergo 
development. According as to whether the bases of the two oviducts 
remain separate or become fused together the uterus may be double 
or single. 

Another peculiarity of the mammalian reproductive system is the 
fact that in the male the testes usually leave their position in the 
roof of the abdominal cavity, and descend into scrotal sacs (sec 
p.125). 
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claspers or copulatory organs art present in the males of 
several fish, the amphibia lack them (except tiic Gynmophiona), and 
fertilisation has to take place in water since the sperm require a 
fluid medium. In Anura the eggs and sperm are shed together into 
the water. In the newts, as a rule, the male lays a packet of sperm, 
and then gives a display of “courtship” in front of the female to 
stimulate her to pick up the packet with her pelvic limbs and place 
it in her cloaca. During the breeding season the male has specially 
developed secondary sexual (epigamic) characters, such as the crest 
and the colour of the belly, which assist in the courtship activities. 

In the amniotes, fertilisation is internal, and the sperms are intro- 
duced into the cloaca of the female by the copulatory organ or penis 
of the male. In this way, the amniotes are independent of water for 
fertilisation. 

A feature of considerable interest is the increase in care of the 
young after they are hatched, by the parents. This increases in the 
higher groups of vertebrates, and all stages can be found in the 
evolution of the family, from the condition of Amphioxus where 
fertilisation takes place in the sea water outside the parents which 
are in no way concerned with the development of the young, to 
that of man. This evolution has involved the development and 
perfection of characters of behaviour as well as those of structure. 
The first step in this direction is usually the habit of protecting the 
eggs until the young hatch. In several species of fish, the eggs are 
laid in holes or in nests specially prepared by the parents, and the 
male remains on guard. This habit is resorted to by Protopterus and 
Lepidosiren among the Dipnoi, by Amia, several catfish, and the 
stickleback, only to mention a few. In some of these cases there are 
interesting adaptations for ensuring a sufficient supply of oxygen to 
the eggs. So in Lepidosiren, the pelvic fin of the male becomes 
modified into a tuft-like organ well supplied with blood, from which 
oxygen diffuses out into the water. In some catfish, the eggs are 
carried about by the parent (usually the male), and so arc continually 
exposed to fresh sea water. Ichthyophys (Gymnophiona) coils itself 
round its eggs in a burrow, as do some snakes such as the python. 
Several Anura lay their eggs in nests specially prepared; others make 
living nests of themselves. In Pipa the eggs are placed on the female’s 
back, where they sink into pits and undergo development; the male 
Rhinoderma carries the eggs in large vocal sacs; Ilylambates carries 
the eggs in its mouth. Alytes is peculiar in that pairing takes place on 
land, and the eggs, which are tied together by strings of slime, are 
carried about by the male, wound round his legs. When the young 
are about to hatch, the male takes them to the water and abandons 
them. In some forms (e.g. Salamandra, Vipera) the eggs hatch while 
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THE HEAD AND NECK 

The structure of the head in an adult vertebrate animal is somewhat 
complicated, and bears little resemblance to the simpler segmented 
nature of the trunk-region. The segmentation is obscured, addedjn' 
to which there is the complication introduced by the presence of' 
the special paired sense-organs (nose, eye, and ear) and of the gill- 
slits. The somites do not all form straightforward myotomes as in' 
the trunk, but give rise to the eye-muscles; and lastly, it is difiScult 
to recognise the segmental nerves because the dorsal and ventral 
nerve-roots remain separate. Nevertheless, the head is built strictly 
on a segmental plan, and it is easy to unravel its structure by con- 
sidering early stages of development. 

The embryo of the dogfish, for example, passes through a stage 
in which the mesoderm on each side of the body is segmented into 
a complete row of somites, from the front to the hind end of the 
body. There is no difference between the somites of the future head- 
region and those of the trunk, and they grade insensibly into one 
another. The 1st somite is, however, peculiar in that it is connected 
with its fellow of the opposite side by a strand of mesoderm-cells 
which passes in front of the tip of the notochord. Such a connexion 
would be impossible between somites situated farther posteriorly, 
because the notochord separates those of one side from those of 
the other. The 1st somite is called the premandibular somite, and it 
is innervated by a ventral nerve-root: the oculomotor. The 2nd 
somite is rather larger than the others; it is called the mandibular 
somite and is innervated by the trochlear nerve. The 3rd somite is 
the hyoid somite, and it is innervated by the abducens. These first 
three somites will become differentiated into the extrinsic eye- 
muscles, and they all lie in front of the auditory vesicle, for which 
reason they are called the prootic somites. 

The 4th somite is the 1st of the met otic somites, and it is similar 
to the ones following it. It and the 5th somite in the dogfish eventually 
disappear, being squashed underneath the large developing auditory 
sac, and they either do not have, or do not retain, any ventral nerve- 
roots. In Petromyzon, however, no somites are lost, and the 4th 
becomes the most anterior of the myotomes of the body. In the 
dogfish, it is the 6th somite which gives rise to the most antoior 
myotome of the body. 
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It is now necessary to turn to the rdations which the dorsal nerve- 
roots bear to the somite. Above the premandibular somite, the 
cells of the neural crest group together to form the ganglion of the , 
ophthalmicus profundus nerve. This nerve is very small in adult i 
Scylliumy but it is large in Squalusy and it is the dorsal root of the 
1st segment, corresponding to the oculomotor. 

Above the mandibular somite is the ganglion of the trigeminal 
nerve which is the dorsal root of the 2nd segment, corresponding 
to the trochlear. The hyoid somite lies under the ganglion of the 
facial nerve, which is accordingly the dorsal root of the 3rd segment, 



Figure 167. Reconstruction of the head of a dogfish embryo, showing the 

segmentation. 

JJI, oculomotor; IV, trochlear; V, trigeminal; VI, abducens; VII, facial; 
IX, glossopharyngeal; A', vagus; nerves; as, auditory sac; to first to third 
gill-slits; hm, hypoglossal muscles; hn, hypoglossal nerve; op, ophthalmicus 
profundus nerve; s, spiracle; j 1 to sS, first to eighth somite; sn, spinal nerve; 
the arrows show the position of the posterior limit of the neurocranium: P, in 
Petromyzon; Sc, in Scy Ilium; Sq, in Squalus. 

corresponding to the abducens. It is possible, therefore, to recognise 
three prootic segments. 

The glossopharyngeal nerve is the dorsal root of the 4th segment, 
overlying the 4th somite. The vagus represents parts of four dorsal 
roots joined together, and it corresponds to the 5th to 8th segments. 
The ventral roots of the 4th and 5th segments, which disappear in 
the dogfish, are present in Petromyzon, The ventral roots of the 
6th and following segments are present in the dogfish, innervating 
the anterior myotomes, and contributing to the hypoglossal nerve 
which accompanies the growth downwards and forwards of portions 
of the myotomes to form the hypoglossal muscles. 

So far, then, the only difference between the head and trunk- 
regions is that in the former the dorsal and ventral nerve-roots 



308 COMf ARATIVB ZOOLOGY OP CHORD ATES 

remain distinct from one another^ and that in the three prootip 
somites the ganglia of the dorsal roots lie outside the litde somites, 
instead of median to them as in the trunk. 

It is now time to turn to the gill-slits, which arise as out-growths 
from the pharynx on each side, and connect with the ectoderm. The 
gill-slits arc formed at a level below that of the somites, in the region 
of the lateral plate, or unsegmented mesoderm. The connexion of 
the endoderm of the pharynx with the ectoderm in the formation 
of the gill-slits necessarily obliterates the mesoderm in places and 
confines it to the bars between the gill-slits. These are the gill-bdis 
(gill-arches, or visceral arches). The remnants of the splanchnocaBc 
cavity in this region are restricted to the cavities in the gill-bars (as 
in the primary gill-bars of Amphioxus). 

Now, down each of these gill-bars or visceral arches there passes 
a large branch of a dorsal nerve-root. The most anterior visceral 
slit is the spiracle, and separating it from the mouth is the mandibular 
arch (or 1st visceral arch) down which the trigeminal nerve passes. 
Between the spiracle and the 2nd visceral slit (1st gill-slit) is the hyoid 
arch (or 2nd visceral arch), and dovvn this there passes the facial 
nerve. In a similar way, the glossopharyngeal nerve passes down 
the 3rd visceral arch, behind the 1st gill-slit; and a branch of Ihe 
vagus runs down each of the 4th, 5th, 6th, and 7th visceral 
, arches. 

Since the dorsal nerve-roots arc segmental in arrangement, the 
visceral arches are segmental also, for they correspond. This means 
that the spiracle and gill-slits are intersegmental in arrangement. It 
must be remembered, however, that this segmental arrangement of 
the visceral arches is not the same thing as the primary and funda- 
mental segmentation of the somites, because the visceral arches lie 
in the lateral-plate mesoderm (not in the segmented vertebral plate). 
The cavities enclosed in the mesoderm of the visceral arches are really 
part of the originally continuous splanchnocoel, and not myocoeUc 
cavities. This is important, for it explains why the muscles to which 
the mesoderm of the visceral arches gives rise are innervated by 
dorsal and not ventral nerve-roots, although they are striped and 
voluntary. Ventral nerve-roots only innervate somatic striped 
muscles derived from the segmented myotomes of the vertebral plate. 
Muscles formed from the visceral mesoderm (inner wall of the 
splanchnocalic cavity) in the region behind the gill-slits are of 
course the smooth muscles of the gut, innervated by the autonomic 
system. That the muscles of the visceral arches should differ from 
these latter in being striped and voluntary is due to the fact that, 
unlike them, they are attached to skeletal structures. These skeletal 
structures support the jaws and the branchial arches, and their 
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movements are involved in the processes of biting and breathing, 
which are related to the outside world* Smooth muscles are only 
related to the events which go on inside the anim al. 

Since the visceral arches correspond to the segmentation of the 
body, the structxires in them correspond also. These consist of the 
skeletal elements just mentioned, and of the blood-vessels which run 
up round the gut from the ventral to the dorsal aorta. So Meekers 
cartilage and the quadrate correspond to the trigeminal nerve and 
the 2nd segment, and the hyomandibula and ceratohyal conespond 
to the facial nerve and the 3rd segment. The blood-vessels in these 
two arches disappear in the higher vertebrates, but that in the 3rd 
visceral arch corresponding to the glossopharyngeal nerve and the 
4th segment of the body becomes the carotid. Similarly, the systemic 
blood-vessel corresponds to the 4th visceral arch (5th segment of 
the body) down which the first branch of the vagus nerve runs. The 
pulmonary artery corresponds to the 6th visceral arch (7th segment 
of the body) down which the 3rd branch of the vagus runs. 

The segmentation of the head is now clear, and it may be asked 
how many segments of the body does the head occupy? Before this 
can be answered it is necessary to be clear as to whether “the head** 
is to be regarded as everything in front of the hindmost part of the 
skull (occipital arch), or whether it extends as far back as the gill- 
slits. In point of fact, it is necessary to distinguish between the dorsal 
or “neural head”, and the ventral or “visceral head”, for they differ 
in extent. The hindmost region of the neural head is indicated by the 
position of the occipital arch of the skull, that of the visceral head 
by the position of the last visceral arch. It is interesting to find that 
the number of segments in either kind of “head” varies in different 
animals. The neural head of Peiromyzon occupies 4 segments, that 
of Scyllium 7, that of Squalus 9, that of Amphibia 6, that of Amniotes 
probably 9. Similarly, the number of segments in the visceral head 
varies from 10 in Petromyzon to 8 in Scyllium^ 9 in Hexanchus, and 
10 in Heptanchus, while the number is reduced in land-vertebrates 
which no longer breathe by gills. In the formation of the neural 
head, more and more segments of the trunk are incorporated during 
evolution. The occipital arch is therefore not formed by the same 
segment in different groups of vertebrates, but this fact does not 
affect the homology of the occipital arches. This structure has a 
representative in the common ancestor of Craniates, whatever seg- 
ment of the body it may be in. In the more primitive forms the neural 
head is short, and the occipital arch becomes displace^ backwards. 
The primitive extent of the visceral head is probably about 10 seg- 
ments, for not only is this the number in Petromyzon and in the 
primitive Selachian Heptanchus (both of which have 8 visceral slits, 
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^ihov^ Fetromyion io^ one), but Amphhxus in its development 
passes through a stage (the so-called “critical sta^“) when it has;^ 
8 pairs of symmetrically arranged gill-slits. 

\ The relations and destinies of the three prootic somites are con- 
stant in all vertebrates above the Cyclostomes (in which the eyes are 
degenerate), and they may now be considered. 

In the first place, it is interesting to note that the 1st or pre- 
mandibular somites correspond to the anterior head-cavities or 
anterior gut-diverticula of Amphioxus, and that the front ends of all 
chordates correspond. Just as in Amphhxus the anterior head-cavity 
(of the left side) opens into an ectodermal pit (the preoral pit), so in 
Selachians (Torpedo) the premandibular somites open into an ecto- 
dermal inpushing (the hypophysis), and this connexion between 
premandibular somites and hypophysis also occurs in some reptiles 
and birds. The hypophysis is therefore probably homologous with 
the preoral pit of Amphhxus. This connexion between a mesodermal 
pouch and the ectoderm is similar to that which occurs in Balano* 
glossus and the larvae of Echinoderms, forming the so-called “water- 
pores” and “proboscis-pores”. (It may be mentioned that the so- 
called “anterior head-cavities” of some Selachians are merely parts 
of the premandibular somites, and have no segmental value.) 

The morphological anterior end of the body in Craniates is a 
point near the middle of the mesodermal strand connecting the 
premandibular somites with one another. Just behind this point is 
the front end of the notochord, and the preoral gut; just in front of 
it the hypophysis grows in from the superficial ectoderm, and just 
above it is the floor of the fore-brain near the optic chiasma and the 
point of closure of the neuropore. This morphologically anterior 
point of the animal is represented in many skulls near the dorsum 
sell®, which lies immediately behind the pituitary body. That part 
of the head which lies in front of this is the result of secondary 
forward growth. 

In the conversion of the prootic somites into the eye-muscles in 
The dogfish, for example, the walls of the somites become thickened 
by the formation of muscle-fibres, and the contained coelomic cavity 
is obhterated. The premandibular somite wraps round the optic 
nerve from behind, and becomes divided into four pieces. The two 
dorsal portions are the internal and superior recti muscles, the two 
ventral portions are the inferior oblique and the" inferior rectus 
muscles. The mandibular somite grows forwards above the pre- 
mandibular and gives rise to the superior oblique; and the hyoid 
somite, also growing forwards, becomes attached to the posterior 
part of the eyeball, forming the external rectus muscle. 

In hij^cr vertebrates, the prootic somites are not always separately 
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recognisable as such, and in these cases the ^e-muscles appear to 
arise from masses of mesenchymatous mesoderm-cells. In otlmrs, 
. the manner of development is the same as that described for the 
, dogfish. 



Figure 168. Reconstructions showing stages in the conversions of the first 
three somites into the extrinsic eye-muscles in a dogfish. 

A to E, successive stages, ab, abducens; cxr, external rectus muscle;/, facial 
nerve; hyoid or 3rd somite; infr, inferior rectus muscle; inoh, inferior oblique 
muscle; inr, internal rectus muscle; m, mandibular or 2nd somite; or, oculomotor 
nerve; opn, optic nerve; p, profundus ophthalmicus nerve; pa^ trochlear nerve; 
pm, premandibular or Isl somite; ros Kand VJI, superficial ophthalmic branches 
of trigeminal and facial nerve; suob, superior oblique muscle; sur, superior 
rectus muscle; rr, trigeminal nerve. 

In the lower vertebrates, the head has no greater mobility than 
any other part of the body; indeed, in several bony fish it has none, 
for the back of the skull is connected with the pectoral girdle by a 
chain of bones. The neck has not yet evolved in these animals. The 
neck is a region of flexibility which enables the head to be moved 
without moving the body. This is made possible by the specialisation 
of the most anterior vertebrse. In reptiles* the differentiation of the 
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first two vertebrae into the atlas md axis appears^ and the head b 
thm able to hinge on the transverse axis (as in signing and 

on the loD^tudinal axis (as in signing **no*'). Movement of the head 
to the side is effected by the flexibility of the next posterior vertebrae^ 
the ribs of which do not get attached to the sternum. In this way, 
the cervical vertebr® differ from the thoracic. When the neck is very 
long and capable of extensive twisting, it is common to find vertex 
brarterial canals, formed between the centra and the ribs fused on 
to them. These canals protect the artery from being kinked when the 
neck is twisted. In mammals, the neck contains seven vertebrae, 
except in three species only (see p. 265). 
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THE FUNCTIONAL DIVISIONS OF THE NERVOUS 

SYSTEM 

It is usual to describe and to refer to a nerve with regard to the 
segment of the body in which it finds itself. So one may speak of fihe 
facial (7th) nerve, or of the 2nd spinal nerve, and designate by these 
terms well-marked structures, visible by dissection. Nerves are com- 
posed of fibres formed of long filaments (or axons) which are pro- 
duced by cells (neurons), the “bodies” and nuclei of which are 
situated in the brain and spinal cord, or in the swellings on certain 
nerves called ganglia. But all the fibres of any given segmental 
nerve do not serve the same function. The function of a nerve is to 
conduct impulses. If the conduction i« towards the brain and spin^ 
cord (which together are called the central nervous system) from 
sense-organs, the fibres are called afferent or sensory. If the con- 
duction is from the central nervous system outwards towards 
muscles or glands, the fibres are called efferent or motor. Sense- 
organs may be of many different kinds and appreciate various sorts 
of stimuli, such as light, sound, pressure, vibration, pain, etc., but 
from the fact that they do receive these stimuli they are called 
receptors. On the other hand, muscles and glands are structures 
which “do something”, and are consequently called effectors. 

A large part of the life of an animal is taken up with adjusting 
itself to difi'erent condition.s, and these conditions may be of two 
kinds. There is the outside world with which the animal keeps in 
touch by means of its receptors at or near the skin: eyes, ears, 
lateral-line organs, and the skin itself. These are the exteroceptors. 
The movements which the animal makes in response to the outside 
world are largely locomotory, and brought about by the muscles of 
the body-wall and limbs. These muscles are striated and voluntary. 
In order that such movements may be properly co-ordinated, the 
animal must have some information (unconscious, of course) of the 
existing state of its muscles, tendons, and joints. This is supplied by 
sense-organs which are situated in these structures, and are called 
proprioceptors. 

At the same time, there is a “world” within the animal and seqsa- 
tions arise from stimuli which start from organs such as the stomach* 
intestine, or bladder, and the functions connected with them. The 
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sense^rgatis of taste are largely of use in connexion witb what is 
about to enter the alimentary canal, and they also belong here. Sud^ 
aensc-organs are called interoceptors. The reactions to these stimuH; 
take the form of secretions on the part of glands, and contractions 
of the muscles of the alimentary canal, bladder, arteries, or oviduct. 
Such muscles are always smooth and involuntary. 



Figure 169. Diagrammatic transverse section through the trunk of a 
vertebrate shoving the relations of the nerve-roots, sympathetic 
ganglia, and the functional components. 

ama, anterior mesenteric artery; amg^ anterior mesenteric ganglion; cte, dorsal 
aorta; dr^ dorsal nerve-root; gut; /i, notochord; rr, ramus communicans; 
sg, spinal ganglion; sm, somatic motor region of grey matter; ss, somatic sensory 
region; s}\ sympathetic ganglion; vm, visceral motor region; vr, ventral nerve- 
root; vs, visceral sensory region. 

It is possible, therefore, to make out four main divisions of the 
nerves according to their function: 

those which convey sensory impulses from the outside world, 
somatic sensory, or afferent; 

those which convey sensory impulses from the inner world, 
visceral sensory, or afferent; 

those which convey motor impulses to the smooth muscles of 
the viscera, visceral motor, or efferent; 
those which convey motor impulses to the striped muscles of 
the body- wall and limbs, somatic motor, or efferent. 

Each of these functional systems is called a component, and as the 
same components can be found in several different nerves, it is 
interesting to study the nerves according to the components which 
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they contain. In ^ way a classification of nerves is obtained, which, 
as it were, runs at right angles to the classification according to thd 
segment of the body in which they lie. Further, the different com- 
ponents occupy special parts of the central nervous system, and the 
evolution of the latter, and especially of the brain, has been largely 
controlled by the positions and relations of these “centres”. 

In an ordinary spinal nerve of any vertebrate above the Cyclo- 
stomes, there are two roots: one dorsal and one ventral, and they 
join to form a mixed nerve. The mixed nerve also sends a branch 
(ramus communicans) to a sympathetic ganglion. Now, the dorsal 
root is made of fibres of afferent (sensory) neurons, and the ventral 
root is composed of efferent (motor) ones. Accompanying the 
anatomical division into dorsal and ventral roots, there is therefore 
an important physiological distinction. 

The cell-bodies of the afferent neurons are situated in the ganglion 
which is always present on the dorsal root in all chordates above 
Amphioxus. This means that the receptor cell itself does not convey 
the impulse to the central nervous system, this function being served 
by the afferent neuron of the ganglion of the dorsal root. To some 
extent in Amphioxus, and in the nose of all vertebrates, on the other 
hand, the primitive condition characteristic of many invertebrates 
persists: that is, the receptor sensory cell itself produces an axon 
which runs into the central nervous system and conveys the impulse 
thither. There is, therefore, no ganglion on the dorsal root of the 
nerves of Amphioxus, nor on the olfactory nerve in any vertebrate. 

After running into the central nervous system through the dorsal 
root, the afferent fibres terminate and make synaptic connexions 
with other neurons. Now the neurons in the spinal cord have their 
cell-bodies in the grey matter which is central, while the surrounding 
white matter is made up of the axons (fibres) which pass up and down 
the cord to higher or lower levels. The grey matter of the cord can 
be separated into four longitudinal regions on each side. The most 
dorsal strip is where the fibres of somatic afferent neurons terminate. 
Beneath this is the place where the visceral afferent neurons end. 
Under this again is the region which contains the cell-bodies of the 
efferent visceral neurons; and lastly the most ventral part of the grey 
matter contains the cell-bodies of the efferent somatic neurons. Thus 
the dorsal half of the spinal cord is related to afferent and the ventral 
half to efferent fibres. As will be seen later, this arrangement is also 
the fundamental plan on which the brain is built. 

The axons of the efferent neurons run out of the spinal cord 
through the ventral root. The somatic efferent neurons go straight 
to the striated voluntary muscles of the body-wall and to the 
muscles of the limbs (or fins), and end in them. All muscles which 
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are innervated direct in this way by venttal roots are $dmatio» 
striated, voluntary muscles derived from the segmented myotomes* 
On the other hand, the visceral efferent fibres leave the mixed nerve 
by the ramus communicans, and end in the sympathetic ganglia^ 
There they make synaptic connexions with other neurons which run 
to the smooth muscles of the viscera and form the sympathetic 
(autonomic) nervous system. The sympathetic system will be dealt 
with in greater detail below, but it may be noticed now that the 
visceral efferent fibres belonging to this system never run all the way 
to the smooth muscle or gland. There is always another neuron 
intercalated in the circuit, and carrying the impulses on from the 
sympathetic ganglion. The muscles so innervated arc never striated, 
voluntary nor derived from the segmented myotomes. 

The ramus communicans serves not only for the passage of the 
visceral efferent fibres, but also for the visceral afferent fibres, which 
then continue to the spinal cord through the dorsal root. 

In the region of the head, a slight complication is introduced' 
owing to the development of special sense-organs, and to the fact 
that the anterior region of the alimentary canal is modified in con- 
nexion with the jaws and gill-arches. There is further the fact that 
the dorsal and ventral nerve-roots of the cranial segments remain 
separated and do not join to form a mixed nerve. 

The various nerve-components in the head can conveniently be 
studied in the dogfish. Leaving aside for the moment the very 
specialised visual and olfactory organs, the somatic afferent system is 
divided into two owing to the development of the lateral-line system. 

There is, therefore, a general somatic afferent system which 
receives impulses from simple sense-organs in the skin corresponding 
to those in the region of the trunk and spinal nerves. This com- 
ponent is present in the trigeminal, glossopharyngeal, and vagus, 
and their fibres end in the dorsal portion of the medulla oblongata 
in a region which may be called the “skin-brain”. 

The special somatic afferent system is concerned with the lateral- 
line organs and the special member of these which is the car. This 
component is present in the facial (superficial ophthalmic, buccal 
and hyomandibular branches), auditory, glossopharyngeal and 
vagus, and its centre is also in the dorsal part of the medulla oblon- 
gata. So great is the number of fibres which end in this way, that 
the neurons in the medulla with which the afferent fibres make 
connexion are also multiplied. The result is that this region, which 
may be called the “ear-brain”, bulges out, forming the tuberculum 
acusticum. The special somatic afferent system is also called the 
lateralis system, and arises in relation to the dorso-lateral placodes 
of the 7th, 9th, and lOth cranial nerves (see p. 164), 
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^opnoc(|^ve organs ue innervated by naves vrhich (jin thp , 

> vbead) i||in in to tlie brain through most of the cranial nerves, includhg 
the oculomotor, trochlear, and abducens. The ear, as an organ of 
.^balance, can also be considered as belonging to the proprioceptive 
organs. 

The visceral afferent fibres collect impulses from the mucous 
. ^ surface of the pharynx, mouth, and other viscera, and from the tast^; 



Figure 170. Diagrammaiic representation of the component systems of 
the nerves of a dogfish (based on Herrick and Johnston). 


A, general somatic sensory (exteroceptive); B, special somatic sensory (from 
lateral'Iine organs and car); C, visceral sensory (in the trunk-region the nerves 
pass through the sympathetic chain); D, special visceral motor (to the striated 
visceral muscles of the visceral arches); E, visceral motor (autonomic); F» 
somatic motor; G, see p. 319. The cranial nerves are indicated by Roman 
figures: sp^ .spinal nerves; s}\ sympathetic chain. The regions of the brain and 
spinal cord which are related to the various component systems are shaded. 

sense-organs. In fish, the taste sense-organs are not confined to the 
mouth, but may be found ail over the surface of the body. The 
afferent visceral fibres run in the branches of the facial, glosso- 
pharyngeal, and vagus from the pharynx and from the anterior and 
posterior faces of the gill-slits. In the brain they converge in the 
medulla oblongata in the visceral lobe or “taste-brain”, beneath the 
centres for the somatic afferent system. The visceral afferent system 
is also called the communis system. The fibres innervating the sense- 
organs of taste are sometimes regarded as forming the special ' 
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visceral afTmnt system, and they arise in relation to the epibranchial 
placodes (see p. 164). ^ 

The visceral efiferent system is complicated by the fact that the 
anterior end of the alimentary canal enters into relations with the 
outside world. Its opening, the mouth, is bounded by the jaws which 
are under voluntary control, and so enable the animal to aim at its 
prey and bite it. In connexion with this, it is found that the muscles 
which actuate the jaws are striated and voluntary, although they are 
visceral in origin. The muscles attached to the gill-arches and which 
perform respiratory movements are likewise striated. But although 
voluntary and striated, these jaw and gill-arch muscles are not 
innervated by ventral roots, for they are not derived from segmented 
myotomes. Instead, they are innervated direct by fibres of the special 
efiferent visceral system which run in the branches of the trigeminal, 
facial, glossopharyngeal, and vagus, that pass down behind the 



Figure 170, G. The proprioceptive fibres of the general somatic sensory 
component. 

mouth, spiracle, and the several gill-slits respectively. In higher 
vertebrates, a portion of the fibres of the vagus become grouped 
together more posteriorly, and form the spinal accessory or 1 1th 
nerve. 

The general efferent visceral system innervates smooth muscles 
and glands, and forms part of the autonomic (para-sympathetic) 
system. The fibres run through the oculomotor, facial, glosso- 
pharyngeal, and vagus nerves. The centre of origin of the visceral 
efferent neurons is for the most part in the medulla oblongata, 
beneath the visceral lobe. 

The somatic efferent system is concerned with the innervation of 
striated voluntary muscles derived from the segmented myotomes. 
In the head these are represented by the muscles which move the 
eyeballs, and the hypoglossal muscles. This component is, therefore, 
to be found in the oculomotor, trochlear, abducens, and hypo- 
glossal nerves. The centres of the oculomotor and trochlear are in 
5ie mid-brain, those of the abducens and hypoglossal are in the 
t medulla oblongata. 
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It Ttky be n(i|ced that the airaaganent in the meduOa oblongata 

the centres i^ncemed wi#the vaiions components is similar in 
a general way to that which holds in the spinal cord. The medulla is 
the least specialised portion of the brain. 

The eyes themselves are part of the brain, and therefore the optic 
nave is not an ordinary nerve. Its fibres are strictly intra-cerebral 
throughout their course. They run through the optic chiasma and 
end in the roof of the mid-brain, which is enlarged to form the optic 
lobes, or “eye-brain”. 

The nasal sacs arc lined by sensory epithelium, the cells of wSiib' 
produce axons growing back into the end-brain. The latter becomes 
enlarged to form the olfactory lobes or “nose-brain”. 

Expressed in tabular form, the component nerve-systems arc as 
follows;— 


SOMATIC, AFfLRENT. General. 

Special, 

EFFERENT. 

VISCERAL. AFFERENT. General. 

Special. 
EFFERENT. General. 


Special. 

OPTIC. 

OLFACTORY. 


Exteroceptors. 

Proprioceptors "I c-. 
Lateral-line organs / 

To myotomic striated muscles. 
Mucous surfaces 

Taste-organs jl^teroceptors. 

Autonomic, to smooth muscles 
and glands. (Sympathetic and 
Parasympathetic.) 

To visceral striated muscles. 
Retina, 

Nasal epithelium. 
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CHAPTER XXX 


THE BRAIN, AND COMPARATIVE BEHAVIOUR 

The brain is the anterior region of the spinal cord, modihed, 
specialised, and enlarged in connexion with the development of 
special sense-organs in the anterior region of the body. That these 
sense-organs should be accumulated here rather than elsewhere is 
due to the fact that chordate animals are bilaterally symmetrical and 
move along a definite axis with one end constantly leading. This end 
is the first to come into contact with new surroundings, information 
concerning which is of the highest value to the animal. 

In order to understand the evolution of the spinal cord anil brain, 
it is necessary to consider what is known as a reflex arc. An afferent 
fibre brings an impulse from a receptor, and if this afferent fibre 
were to connect with only one eflerent fibre going to a particular 
muscle, whenever the receptor was stimulated the response would be 
the contraction of this muscle. Nothing else in the way of response 
would be possible. But actually the afferent fibre when it has run 
into the brain or spinal cord makes a large number of connexions 
with other neurons. Some of these may be efferent neurons and 
connected with various effectors; others may be neurons which carry 
the impulse to other parts of the spinal cord or brain: the so-called 
association-neurons. By this means a receptor can be connected up 
with several effectors, or one effector may be stimulated by impulses 
coming from several different receptors. This possibility of one 
efferent neuron being used by impulses coming from several afferent 
neurons, as a “final common path” for their reflex circuits, is of the 
greatest importance. The efficiency and economy of using what may 
be called interchangeable standard units (the neurons) capable of 
an infinite variety of combinations is one of the main factors of the 
success of the higher vertebrates. An animal possessing this type of 
nervous system can make many kinds of response, and indeed by 
suitable connexions and adjustments there is no limit to the number 
of combinations which may be formed between receptors and 
effectors. These adjustments are made in the central nervous system, 
and they are its function, just as that of a telephone exchange is to 
make adjustments between calling and answering subscribers. The 
key to the whole system is the neuron, which is not rigidly fus^ on 
to any other cell, but which can make synaptic connexions with a 
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grea^ other cells and pass impulse on to them, 

connexions can be made, and new kinds of response can be eyolVtbd« 
which become “conditioned’* reflexes, or habits. > 

The places in the central nervous system where these a^hustmentis 
are made are called centres, and they lie in the grey matter, when the 
skin of a dog is stimulated by a small irritation, the recej^r in the 
skin sends an impulse throu^ an afierent neuron which runs into 
the spinal cord by the dorsal root. This neuron makes a synaptic 
connexion with an association-neuron in the grey matter of the 



Figure 171. Transverse sections through the end-brains of. A, dogfish; 
B, frog; C, Chelonian (reptile); and D, shrew (mammal). 


Showing the development of the cerebral hemispheres and lateral ventricles, 
and the development of nerve-cclls at the surface, forming a cortex. 

spinal cord. The fibre of this association-neuron runs down the 
spinal cord in the white matter to the segment of the body where the 
hind leg is situated. There it makes a synaptic connexion with an 
efferent neuron (in the grey matter) w'hich passes out through the 
ventral root to the muscle of the leg. The result of the stimulus is a 
jerk or ^scratch” on the part of the leg. This reflex arc illustrates the 
fact that the function of the spinal cord is twofold. It contains a 
number of vreflex adjustment-centres (in the grey matter), and it 
conducts imp'^lses up or down the cord to different levels (in the 
white matter).^ 
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In the brain there are the primary c^tres* coimecteci witih the 
different fnnctianal systems of components. These are the '^skin* 
braIn’^ “ear-brain**, “taste-brain^* (in the meduBa oblongata), the;^ 
“eye-brain** (in the mid-brain) and the “ttOSc-brain**iHi the foie-l 
brain)* Each of these is a centre where impulses artfr^vcd of a 
particular type (from a particular component-system), and where 
adjustments are made with association and efferent neurons so as to 
complete the reflex circuit. 

Now if these primary centres are marked off in the brain of a dog- 
fish, it is found that except for the cerebellum they occupy nearly 
the whole of the brain. Those regions of the brain which conform to 
the organisation of the spinal cord are called the “segmental appara- 
tus** or “brain-stem”, and are to be distinguished from the aditions 
in the shape of the cerebellum and in higher forms the cerebral 
cortex, which are “suprasegmental” structures. 

The various centres of the brain of the fish are mainly concerned 
with their own functional component-system; there is not much 
“team-work” between the different centres. The result is that the 
behaviour of fish largely takes the form of reflex responses to stimuli 
of certain kinds without much ability for variation or modification 
by experience. When any particular sensory system is very highly 
developed, the corresponding centre in the brain is enlarged. So in 
the carps, which are well supplied with taste-organs, the medulla 
oblongata is enlarged owing to the expansion of the visceral lobe. 
This expansion is due to the increase in number of neurons in the 
centre, parallel with the increased number of afferent fibres coming 
from the numerous receptors. In the catfish, the lateral-line system 
and the “ear-brain” are well developed. 

A certain amount of correlation exists between the primary 
centres. For example, in the catfish the “skin-brain” is connected 
with the “taste-brain”, so that food may be recognised by touch and 
by taste, and these two types of sensation co-operate in producing 
those movements which lead to feeding. In other words, the reflex 
arc can pass from one functional component system to the other. 

But this interrelation and team-work between primary centres is 
best brought about by special correlation-centres, which arc not 
related to any single primary centre but to several. The history of the 
development and evolution of these correlation-centres really makes 
up the evolution of the brain in vertebrates. 

In the fish, the correlation-centres are not well developed, with the 
exception of the cerebellum. The cerebellum lies on the dorsal side 
of the medulla, and from its position its connexions are mostly with 
the neighbouring centres: “ear-brain” and “eye-brain”. The ear- 
brain is concerned with the balance of the animal as reported from 
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the senucirculiir canals^ and the eyes report its position relatively to 
external objects. At the same time, fibres of the general somatic 
system run to the cerebellum and convey impulses of tactile sensa- 
tions, and of the state of the muscles and joints of the body (pro- 
prioceptive). As a result of the commingling of these impulses, the 
cerebellum comes to be an organ for the regulation of the posture 
of the body and of bodily movements. It keeps the muscles in 
*‘tone”, and as a whole regulates the execution of reflexes. It may, in 
a sense, be compared with the steam steering gear of a ship, which 
smoothly carries out the directions of the man at the wheel; and it 
has been called the head of the proprioceptive system. 

In bony fish, the cerebellum is enlarged to form the so-called 
valvula which projects forwards beneath the roof of the mid-brain. 
In most amphibia and all higher vertebrates the lateral-line system 
is lost except for the ear, and the cochlea or organ of hearing is 
better developed. This affects the cerebellum to some extent. In 
mammals, two new features arise, the superficial cerebellar cortex 
and the pons Varolii. These develop in connexion with the cerebral 
cortex. 

Apart from the cerebellum, the correlation-centres are mostly con- 
cerned with responses to the outside world. In the fish there are 
correlation-centres of this kind in the fore-brain and the mid-brain, 
but the most important are those which become evolved above the 
evolutionary stage of the fish, and which are situated in the sides of 
the between-brain (thalamus), the floor of the end-brain (corpus 
striatum), and the roof of the end-brain (cerebral cortex). 

It is characteristic of these higher centres of correlation that they 
are more or less isolated from the primary sensory centres; in other 
words, the correlation-centres are not monopolised by any single 
sensory system. In much the same way, if the government of a nation 
sat in the ordinary town-hall of one of its cities, much of its business 
would be taken up or influenced by local municipal matters, and it 
would be less able to deal with business affecting not the city but the 
nation as a whole. 

The thalamus is related by fibres to most of the sensory centres, and 
it is among other things the centre where impulses are analysed into 
pleasurable and painful. As such, it is of great importance, for a 
negative reaction to danger and a positive reaction to food and to a 
mate go far to ensure the perpetuation of the species. Consequently 
the thalamus has great survival value in evolution. 

The corpus striatum reaches a great development in birds, in 
which it is responsible for the correlation of the many and varied 
reactions and movements which form part of the instinctive be- 
haviour. Instinct in birds is highly developed, and its hereditary 
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nature is due to the fact that the reflex arcs and assockation-ueurons 
in the thalamus and corpus striatum conform to a certain pattern 
which is the result of development. This also accounts for the fact 



Figure 172. Dorsal views of the brains of A, Petromyzon; B, Scyllium; 
C, Gadus; D, Ceratodus; E, Triton; F, Laccrta; G, Columba; and 
H, sheep. (Not all drawn to the same scale.) 

c, cerebellum; cA, cerebral hemisphere;/, flocculus; hh, hind-brain; mb, mid- 
brain; o/, olfactory lobe; on, olfactojy nerve; op, optic lobe; ot, olfactory tract; 
p, pineal; v, vermis. 

that instincts are specific, that is, they occur in all members of a 
species, just as they all have kidneys or livers. But because instinct 
is determined by the hereditary pattern of the neurons, such be- 
haviour is not easily modified to meet unusual circumstances. A 
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good example of such shortcomings is to be found in the meadow 
pipit, a bird which is parasitised by the cuckoo. In the pipit’s n^ tlie 
; cuckoo lays an egg, which hatches into a young cuckoo. This young 
|^|iarasite proceeds to eject the young pipits from the nest, it vm, 
i! ; obst^ed on one occasion that the young pipit so ejected remain^ 
just outside the nest, under the mother-bird’s nose, where it 
helpless and squeaking. It never occurred to the mother-bird to 
it back in the nest under her, and so the young one died. The siti^^^ 
^ tion was novel and had not presented itself to the bird before, and 
it could not rise to the occasion. The necessary correlation of neurons 
could not be made; and if it could, the bird would probably not have 
been able to act on the experience of a similar previous occasion. 
The corpus striatum is not well adapted for such powers of individual 
adaptability, though it is very suitable for ready-made correlations 
which make the species as a whole well adapted to a particular 
routine of life. It is interesting to note that the behaviour of birds 
resembles that of insects in this respect, and that both the brain of 
the insect and the corpus striatum of birds are solid compact masses 
of neurons. For really effective and unusual correlations such an 
arrangement appears to be ill suited. The cerebral cortex which fulfils 
^this very function is shaped not as a solid mass, but as a layer of 
neurons, the number of which is augmented by increasing the area 
of the layer. The hollow tubular nerve-cord of vertebrates is very 
suitable for such an arrangement, and it is probable that its posses- 
sion enabled vertebrates to evolve as they have done, while its 
absence from insects prevented them from progressing any further. 

The cerebral cortex is a layer of grey matter near the surface of 
the end-brain. It is scarcely represented in the fish, and in the 
amphibia most of the neurons remain in the primitive position for 
grey matter; that is, near the central cavity. Some neurons, however, 
appear towards the surface. At the same time, the end-brain has 
been evolving in another direction, in that the cerebral hemispheres 
are formed as outgrowths containing each a cavity (the lateral 
ventricles) communicating with that of the between-brain through 
the foramina of Monro. Cerebral hemispheres first appear in the 
Dipnoi, and it is possible that they are an adaptation to deficient 
oxygen-supply: a matter of great importance, for the brain requires 
the purest arterial blood in the body. The formation of cerebral 
hemispheres increases the surface of the brain-tissue relatively to its 
volume, not only on the outside in contact with the vascular pia 
mater, but also on the inside which is bathed by the cerebro-spinal 
fluid, itself oxygenated by the choroid plexus. The location of the 
neurons at the surface to form a cortex may also be an adaptation 
to oxygen requirements, for solid masses of neurons would require 
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large arteries to eater the hma^ and there are indix^tions that the 
pv^ of large arteries is injurious to the ddUcate workings of the 
neurons. 

Another advantage of the cortex type of structure is that it allows 
of the arrangement of centres on its surface after the fashion of a 
chequer board. The cortex deals with impulses from the outside, 
world, in animals with sense-organs sufficiently well developed to 
pve them good representations of the relations of different objects 
and events in space. It is apparently necessary that these representa- 
tions of objects in space should remain separate in the brain until 
finally co-ordinated. In the same way it would be impossible to judge 
which of a number of threads was which, if they were all tangled up 
together in a ball This analogy also introduces the fact that the 
function of the cerebral cortex is to receive the impulses which have 
already been sorted out in correlation-centres, and to judge which of 
many possible is the best response to make. The cortex introduces 
hesitancy and arbitration into behaviour, which, on the level of the 
reflex arc, is immediate and determined. 

Another factor to be borne in mind is that the cerebral cortex is 
principally concerned with impulses coming from the exteroceptors, 
and especially those which, like the eye, ear, and nose, can perceive . 
objects at a distance: the distance-receptors. Responses to stimuli 
which touch the animal usually (when successful) abolish the stimu- 
lus which evoked them. So the flea tickling the dog on its skin evokes 
the scratch which incapacitates the flea from tickling any more. 
Such a response is consummatory. If, however, an animal sees some 
of its food at a distance, the response which it makes to start with 
does not abolish the stimulus. It sets its limbs in motion towards the 
food; this is an anticipatory response, and the consummation is not 
complete until the food has been reached and eaten. Until this time, 
the food occupies the attention of the animal. 

In the reptiles, there are three sheets of superficial grey matter in 
each cerebral hemisphere. The median sheet is the hippocampal and 
the lateral sheet the pyriform cortex. Both these regions are pre- 
dominantly concerned with impulses coming from the nose; they 
are not really “impartial” arbitrators of behaviour. That the cerebral 
hemispheres should in early stages of evolution be largely under the 
influence of olfactory sensations follows from the proximity of the 
olfactory lobes, and from the fact that at these stages the vertebrates 
had recently emerged from life in water to dry land, for the nose is 
a more highly developed and efficient organ in air than in water. 
Being at the most anterior end of the brain, it naturally took time in 
evolution before fibres from all the correlation-centres farther back 
in the central nervous system reached them. Part of the middle sheet 
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in cerebri hemispheres of the reptile appears to be tihe fore- 
ronnCT of thib true cerebral cortex, which reaches such a high develop* 
ment in the mammals. The hippocampal and pyriform cortex are 
called archipallium, to distinguish them from this neopallium in 
which olfactory impulses do not predominate. 

In the birds the cerebral cortex is less well developed than in the 
reptiles, and the corpus striatum with the attendant highly instinctive 
type of behaviour is specialised instead. 

In the mammals, the cerebral cortex is developed out of proportion 
to the rest of the brain. In the higher mammals (but not in Mono- 
tremes or Marsupials) a special commissure is developed to link 
together the neopallium of the two hemispheres; this is the corpus 
callosum. The dorsal commissure of the reptiles, which links together 
the hippocampal archipallia, persists in the mammals as the hippo- 
campal commissure. 

The volume of the neopallium is increased in higher mammals 
without much increasing its thickness by throwing it into folds. 

The various regions of the neopallium are connected with the 
other centres by projection-fibres, and in addition, these regions are 
interconnected by association-fibres. The number of possible com- 
binations between the neurons is so large that it baffles the power of 
the mind to grasp it. As an example, one million neurons connected 
together in all possible ways in groups of two neurons each, gives a 
number of combinations with nearly three million figures in it. There 
are not far off ten million neurons in the human cerebral cortex. 

The neopallium is therefore well fitted to correlate all the stimuli 
which the animal receives and to make delicately adjusted responses 
to them. It also serves as a storehouse for impressions which arc 
collected during experience, and an animal which, in determining 
the response to be made to a set of stimuli, considers the results of 
experience, is said to show intelligent behaviour. Such an animal has 
the power of learning, which is not the same thing as the establish- 
ment of a habit. Habits can be formed in the lower simple correlation- 
centres, by means of neurons between certain afferent and certain 
efferent neurons. The oftener an impulse passes along a reflex arc 
the easier docs its passage become, with the result that the “habitual** 
response is given to a stimulus. Some habits so formed may be quite 
complicated, as when a piece of music is “learned by heart’*. This 
learning is, however, not necessarily intelligent, because it often 
happens that when the musician breaks down he is unable to adapt 
himself to the immediate circumstances and continue, but has to 
start again at the beginning. 

In a similar way animals can be trained to do tricks, or to thread 
the “Hampton Court” maze without going down any of the blind 
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alleys* If a rat be so trained as to “know^" a inaze pieifectly, and then 
be placed in a similar xnaze but witfa different lengths of alleys and 
distan<^ between the turnings, it will try to run me distances which 
it ran in the original maze, and turn where the turnings were in it, 
and in so doing it bumps into the walls of the new maze. Its learning 
was therefore not intelligent. 

It is interesting to compare this case %ith that of a chimpanzee 
confronted with a novel situation. In order to reach food which was 
placed out of its reach, it hit suddenly on the idea of piling packing- 
cases on one another and climbing up on them. There is a good deal 
of evidence to show that in order to “see” what to do in a set of 
circumstances, the ape must really see the goal and the object which 
it may use as an instrument, in the same field of view at the same 
time. There is little doubt that the eyes have played an important 
part in the evolution of the brain: in man the number of afferent 
fibres running in from the retina is greater than that running in from 
all the spinal nerves of one side put together. 

The possession of a cerebral cortex and neopallium does not 
adapt the species to any particular set of environmental circum- 
stances, but instead, it makes all the members of the species in- 
dividually adaptable to a large variety of circumstances. This is one 
of the chief differences between the higher and lower vertebrates. 
All are well supplied with sense-organs, but the lower vertebrates 
can only make a small number of kinds of responses to the stimuli 
which they receive. The higher vertebrates have much the same 
amount of information given them by their sense-organs, but they 
use it to much better advantage owing to the integrative and retentive 
properties of the neopallium. The intelligent being does not waste 
time on trial and error like the Protozoon Paramecium; the probable 
results of possible actions are weighed up in what must be called the 
mind, with the help of experience stored up as memory, and by 
means of thought, and the action when taken is intentional. Lastly, 
it must be noticed that the possession of such a mind and its physical 
basis the neopallium, confers an enormous advantage on its 
possessor, and has survival value in evolution. 
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CHAPTER XXXI 


THE AUTONOMIC NERVOUS SYSTEM 

It has been mentioned that the smooth muscles and glands of the 
body are innervated by fibres of the general visceral efferent com- 
ponent system. It is characteristic of such fibres that they do not 
reach all the way from the central nervous system to the effector in 
question, but they make synaptic connexions with other neurons 
which carry the impulses on to the muscle or gland as the case may^ 
be. There are, therefore, two members in each efferent circuit of this 
kind: a connector neuron and an exciter neuron. The cell-body oi^ 
the exciter neuron may be in a sympathetic ganglion, or it may be 
by itself near the muscle which it innervates. In the former case, 
the connector neuron is often called the preganglionic fibre, and 
the exciter the postganglionic fibre. Impulses conveyed in this way 
through the visceral efferent system to smooth muscles and glands 
are involuntary, and the neurons and ganglia concerned in the 
conduction of these impulses form the autonomic or involuntaiy 
nervous system. It may be noticed that the autonomic system is 
essentially efferent. Although the afferent visceral neurons run up 
from the viscera through the ramus communicans, and accompany 
the efferent neurons, they conform to the type of the somatic 
afferent fibres in that their cell-bodies arc in the ganglia on the 
dorsal roots, and that they stretch all the way from the sense-organ 
to the central nervous system. After separating off the autonomic 
nervous system, what is left is called the cerebro-spinal nervous 
system, including the brain, spinal cord, and the somatic fibre- 

systems. . ... 

The autonomic nervous system can be separated into two divisions, 
each of which works against the other. The visceral efferent fibres 
which come out from the spinal cord in the neck, thorax, and lun^ar 
regions together constitute the sympathetic system; those which 
leave the central nervous system in the head from the brain, and 
from the spinal cord in the sacral region, constitute the parasyin- 
pathetic system. The word “sympathetic” is fsometimes loosely 
used as synonymous with “autonomic”, which introduces con- 
fusion. The sympathetic system may be called the thoracico- 
lumbar” outflow, and the parasympathetic system the “cranio- 
sacral outflow”. 


331 
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The autoiix!^c system may now be described in greater detail, in 
a typical mammal, |nd commencing with its sympathetic constituent. 

The visceral efferent fibres in the cervical, thoracic and lumbar 
regions of the spinal cord run out through the ventral roots and 
down the rami communicantes to the sympathetic ganglia situated 
on each side of the aorta. These fibres are preganglionic or con- 
nectors, and their cell-bodies are in the grey matter of the spinal 
cord; they are surrounded by medullary sheaths and these rami 
communicantes are consequently white. 

Some of the preganglionic fibres stop in the sympathetic ganglion 
corresponding to the segment in which they emerge from the spinal 
cord; others continue to the next sympathetic ganglia in front or 
behind and end there. In this way, the sympathetic ganglia of each 
side become connected together forming the lateral sympathetic 
chains, and the ganglia on them are called the lateral ganglia. In the 
^ region of the neck, several of these lateral ganglia join up close 
together, forming the large anterior and posterior cervical ganglia 
and the stellate ganglion. 

Yet other preganglionic fibres run out through the lateral ganglia, 
but do not stop there. Instead, they run on and end in groups of 
ganglia situated near the base of the cocliac, anterior and posterior 
mesenteric arteries. The most important of these ganglia, which are 
called collateral, arc the anterior mesenteric and the posterior 
mesenteric ganglia. The long rami communicantes which connect 
these ganglia with the spinal nerves are the splanchnic nerves. 

In the lateral and collateral sympathetic ganglia are the cell-bodies 
of the postganglionic or exciter neurons. These run out of the ganglia 
as non-medullated and therefore grey fibres, to the muscles of the 
blood-vessels, heart, stomach, intestine, oviduct, bladder, and skin; 
and some of them run to the ciliary and iris muscles inside the eye. 
The postganglionic fibres to the skin and some other structures 
reach their destination via the spinal nerves with which the sym- 
pathetic ganglia arc re-connected by grey rami communicantes. 

The effect of stimulation through the sympathetic system is to 
slacken the ordinary muscles surrounding the gut, but to tighten 
the sphincters, to tighten the heart and artery muscles, to tighten the 
muscles under the skin (which make hair stand “on end”), to tighten 
and slacken the muscles of the oviduct, to slacken the sphincter 
and tighten the radial muscles of the iris so that the pupil enlarges. 

The structures enumerated above are also innervated by the 
parasympathetic system (except the muscles of the oviduct). The 
visceral branch of the vagus contains connector fibres which run to 
exciter neurons situated on the lungs, heart, and the muscles of the 
gut as far as the end of the small intestine. In the region of the 
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intestine, the exciter neurons lie between the imiuM:le coats of the 
pt, forming the plexus of Auerbach. The remainder of the gut is 
innervated by connector fibres which leave the spinal cord in the 
sacral region through the ventral nerve-roots, and form the pelvic 
nerve. These connector fibres run to exciter neurons on the muscles 
of the large intestine, on the bladder, on the skin round the anus, 
and on the blood-vessels near the urethra. 

The ciliary and iris eye-muscles receive innervation by means of 
connector fibres which run in the oculomotor nerve to the ciliary 
ganglion. This ganglion contains the cell-bodies of the exciter neurons 
which run to the muscles in question in the eye. Two sets of auto- 
nomic connector fibres run through the facial nerve. One goes down 
the palatine branch (“greater superficial petrosal”) to the spheno- 
palatine ganglion from which exciter neurons run to the lachrymal 
glands and the glands of the nose. The other set runs in the chorda 
tympani (ramus mandibularis internus facialis of the dogfish) to the 
submaxillary ganglion, whence exciter neurons run to the sub- 
maxillary salivary glands. Another set of connector fibres runs out 
in the glossopharyngeal nerve through the lesser superficial petrosal 
nerve to the otic ganglion, from which exciter neurons innervate 
the parotid salivary glands. 

A very interesting feature of the connector fibres of the para- 
sympathetic autonomic nervous system is, that while those of the 
oculomotor (mid-brain outflow) and of the sacral outflow connect 
with the central nervous system through ventral nerve-roots, those 
of the facial, glossopharyngeal, and vagus (hind-brain outflow) run 
in dorsal nerve-roots. 

The anatomy of the autonomic system in the head is slightly 
complicated. The anterior prolongation of the lateral sympathetic 
chain of the trunk continues forwards, accompanying the internal 
carotid artery as the internal carotid nerve. A branch of it (the deep 
petrosal) joins the palatine nerve (forming the Vidian nerve) and 
runs to the spheno-palatine ganglion. This ganglion is also connected 
to the maxillary branch of the trigeminal. Another sympathetic 
branch runs to the ciliary ganglion, which is also connected to the 
ophthalmic branch of the trigeminal. The sympathetic exciter 
neurons from the anterior cervical ganglion are thus able to make 
their way into the eye to the iris-muscles. The mandibular branch of 
the trigeminal connects with the chorda tympani and the sub- 
maxillary ganglion. 

Further mention must be made of Auerbach’s plexus, which lies 
between the circular and longitudinal coats of muscles on the 
intestine. The neurons which compose it are the exciters of the para- 
sympathetic outflow through the vagus, and these neurons branch, 
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the two axon fibres having different destinafrohs. A mass of food 
in the intestine stimulates the muscles above it to contract, and those 
below it to slacken, thus causing peristaltic action. This is particuhuly 
interesting because peristalsis can occur when all the nerves to ^ 
intestine are cut, which means that local reflex arcs are formed in 
jAucrbach’s plexus. Another plexus (Meissner’s), which lies within 
.the muscle-coats of the intestine, has an unknown function. 
t The effect of impulses travelling out through the parasympathetic 
outflows is to contract the ordinary muscles round the gut, but to 
slacken the sphincters, to slacken the muscles of the heart and of 
the blood-vessels near the urethra (causing erection of the penis), to 
tighten the ciliary muscle and the sphincter of the iris, to slacken the 
radial muscles of the iris (which allows the pupil to be contracted, 
and to secrete saliva and tears). 

The antagonism between the effects of the sympathetic and para- 
sympathetic systems is remarkable. It may be expressed as a table. 

Ordinary muscles Sphincters Radial muscles Sphincter 

of the gut. of the gut. Heart. of the iris, of the iris. 

SYMPATHETIC. Slackens. Tightens. Tightens. Tightens. Slackens. 

PARASYMPATHETIC. Tightens. Slackens. Slackens. Slackens. Tightens. 

It is also interesting to note that the action of the sympathetic 
system can partly be simulated by the injection of adrenalin, and 
that of the parasympathetic by injection of acetyl-cholin. The 
similar effects of adrenalin and the sympathetic are less surprising 
when it is remembered that the supra-renals and the medulla of the 
adrenal bodies arc derived from cells similar to sympathetic neurons, 
and which like them have migrated out from the spinal cord. 

The case of the gut is particularly interesting, because the ordinary 
muscles of its coat are antagonistic in their effects to those of the 
sphincters. It stands to reason that if the ordinary gut-musculature 
contracts and propels the contents of the gut along, contraction of 
the sphincters would prevent this movement of the contents. Now 
the parasympathetic system tightens the ordinary musculature and 
slackens the sphincters, and the sympathetic system contracts the 
sphincters and slackens the ordinary musculature. Further, the cell- 
bodies of the neurons which tighten the sphincters and slacken the 
ordinary muscles are in the same ganglion (anterior or posterior 
mesenteric ganglion, according to the region of the gut). It is 
possible that it is one and the same neuron which produces two 
axon fibres, one tightening the sphincters and the other slackening 
the ordinary muscles. This would provide an explanation of the 
co-ordination between antagonistic sets of muscles. 

No autonomic system is known in Amphioxus, In Petromyzon 
neurons are found along the gut, connected with the vagus and 
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probal^ly widi *'pdvic” naves. The parasympathetic system is there* 
fore i»esent ^e sympathetic system is, on the other hand, not well 
developed, and impofectly differentiated from the supra*renal 
elements. Groups of these cells are found near the spinal nerves and 
die blood-vessels, but they are not joined together by sympathetic 
chains. Parallel with this poor development of the sympathetic 
component of the autonomic system in Petromyzon, it may 4* 
mentioned that that animal has no oviduct or bladder, and^o 
smooth muscle under the skin. In the head the eyes are degenerate, 
and there arc no salivary glands, and this is parallel with the absence 
of differentiated cranial autonomic ganglia. In Selachians, the 
sympathetic ganglia are joined together by the longitudinal lateral 
chains, and the ciliary ganglion is present in the head ; but there are 
no grey rami communicantes. With the land-vertebrates the full 
development of the autonomic system appears. 

It is not easy to see why the exciter neurons for smooth muscles 
and glands should migrate out of the central nervous system as they 
do, and take up positions outside it. It is also very remarkable that 
some of them should connect with the central nervous system 
through dorsal nerve-roots (hind-brain outflow of parasympathetic), 
while others sliould connect through ventral nerve-roots (mid-brain 
and sacral outflow of parasympathetic and the entire sympathetic). 
In this connexion it may be noted that in Amphioxus the smooth 
muscles of the body are innervated through the dorsal nerve-roots, 
while the ventral roots contain only fibres belonging to the somatic 
system. The primitive course for fibres innervating smooth muscle, 
therefore, appears to be through the dorsal nerve-roots, and this 
primitive feature is retained in the case of the hind-brain (facial, 
glossopharyngeal and vagus) outflow of the parasympathetic system, 
but lost in ail the rest. 
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CHAPTER XXXll 


ti 

THE SENSE-ORGANS 

THE EYE. With regard to the eyes, two points of interest present 
themselves. The first concerns the method of accommodation of the 
eye for seeing objects at different distances, and the second relates 
to the capacity of some animals to see a single object with both eyes 
at the same time. 

Acconunodation is a simple optical problem concerning the focal 
length of the lens, the distance of the viewed object, and the distance 
between the lens and the retina. These three terms must be in relation 
according to the laws of optics if there is to be a clear image of the 
object on the retina. The first and the third term are within the 
animal, and are therefore variable, while the second, the distance of 
the object, is obviously external to the animal and not under its 
direct control. It is found that some animals accommodate by 
altering the distance between the lens and the retina, and others by 
altering the focal length of the lens itself. 

Cyclostomes and Selachians may be left out of account, for their 
eyes can accommodate but little if at all. In the bony fish, the eye 
when at rest is accommodated for near vision. This fact is in relation 
to the optical nature of the medium in which they live, water, 
through which it is not possible to see very far. The lens is attached 
to the eye-cup by a retractor lentis muscle, and when this contracts, 
the lens is brought nearer to the retina, and the eye can then focus 
objects which are farther away. Land-vertebrates always have their 
eyes focused at rest for distant vision, which enables them the 
earlier to see their prey or their enemies. So, in amphibia, the lens 
is attached to the eye-cup by a protractor lentis muscle. By its 
contraction, the distance between the lens and the retina is increased, 
and the eye can then focus near objects. 

In all the cases so far mentioned, the lens is a rigid body with a 
fixed and definite focal length, and which has to be moved bodily 
in order to accommodate the eye. In the remaining vertebrates, the 
lens is elastic and capable of varying its convexity and focal length. 
In reptiles, accommodation for near vision is brought about by 
contraction of the circular muscle of the iris, which has as its effect 
the increase in convexity of the lens, which thus tends to become 
spherical. In the birds, there is in addition a striated muscle called 
12 — V.Z, 337 
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CraiApiton's ifuscle, contraction of wfaidi decreases the diameter of 
tte ^baU in Ifae neighbourhood of the junction between the cornea 
and the sclerotic. This causes the surface of the cornea to become 
more convex, and assists the lens to bring rays of light from n^ 
objects to a focus on the retina. 

The method of accommodation in the mammals dilfeis from that 
in other vertebrates. The lens is suspended by the suspensory liga- 
ment, which is kept tense by the elasticity of the lens trying to revert 
to the spherical shape. The suspensory ligament is attached to the 
ciliary process. The ciliary muscle is attached to the cornea in front 
and to the choroid behind, so that when it contracts, the choroid 
and ciliary process are brought forwards. This forwards movement 
of the ciliary process reduces the tension on the suspensory ligament, 
and the lens is allowed to become more spherical, which increases 
its refractive power and enables it to accommodate the eye to near 
objects. The change in focal length of the lens is therefore only 
indirectly due to the action of the ciliary muscle. 

In some vertebrates, and especially those of nocturnal habits, the 
eyes do not accommodate for distance at all, which fact does not 
prevent them from enjoying good sight, as does the owl. In daylight, 
the pupil may be so contracted as to simulate a “pinhole” camera, 
in which accommodation is unnecessary. 

In mammals the ciliary muscle is contracted by impulses passing 
in fibres of the parasympathetic system through the oculomotor 
nerve and the ciliary ganglion. Other fibres following the same path 
constrict the pupil (contract the sphincter and relax the radial 
muscles of the iris). The pupil is dilated by impulses in fibres coming 
from the sympathetic system of the neck. 

In the lower vertebrates, the eyes are on each side of the head, 
and there is little, if any, overlap in the two fields of vision. In these 
forms, the decussation or crossing-over of the fibres at the optic 
chiasma is complete: the fibres from an eye run to the opposite side 
of the brain. In the higher vertebrates, on the other hand, it is 
common for the fields of vision of the two eyes to overlap con- 
siderably, and even to coincide. In these cases both eyes can be 
brought to bear on a single object, which enables the animal to 
estimate distance. This is of importance in arboreal animals which 
have to gauge the strength of their efforts in leaping from branch to 
branch. This binocular vision is present in the monkeys and man, 
in the owls, and to a varying extent in other animals. 

The possession of binocular vision is a great advantage, but it 
robs the animal of vision over a large radius around it, which it 
would have if its eyes diverged widely on each side of the head. It is 
found as a rule that the more timid mammals have widely divergent 



THE SENSE-ORGANS 339 

axes of vision, amounting to nearly two ri^t angles in the case of 
the rabbit. The rabbit therefore can see objects ahnost everywhere; 
all round it; it uses its eyes qualitatively to warn it of the a|>ptoach ; 
of enemies. The axes of vision of the lion, on the other hand, are; 
almost parallel; it sacrifices a large field of vision for the advantage 
of using its eyes quantitatively in estimating distance and spatial 
relations. 

In mammals with binocular vision, it is important that the move- 
ments of the two eyes should be co-ordinated so that their axes of 
vision remain more or less parallel with one another. In other 
animals each eye can be moved separately, and this faculty is 
extremely developed in Chamaleo. 

The fibres from the eyes of mammals such as the rabbit decussate 
almost completely at the optic chiasma. This is because the axes of 
vision of the two eyes diverge so widely that very little of the field 
is seen simultaneously by both eyes. In the monkeys and man, on 
the other hand, the fields of vision of the two eyes overlap extensively, 
and the decussation of the fibres is incomplete. Fibres from the lateral 
portion of the retina of each eye do not cross-over, but go to the 
same side of the brain. It is the fibres from the median portions of the 
retinae which cross-over and go to the opposite side of the brain. , 
The images of one object can therefore fall on corresponding points 
in the two retin®, and the fibres from these corresponding points 
run to one and the same side of the brain. This is the basis for 
stereoscopic vision. In the higher primates and in man, the eyes have 
‘‘corresponding points” of optimum sensitiveness (the macula lutea 
or “yellow spot”), in which the retina is said to consist of cones only, 
with few if any rods. 

In some teleost fishes, reptiles, birds, and the higher primates, the 
eye can distinguish between different colours, and the evolution of 
colour- vision must have occurred independently in each group. It 
is probable that colour-vision results from a differential action 
between the rods and the cones of the retina, and that when rods 
alone or cones alone are functioning there is no discrimination 
between colours. Rods contain rhodopsin or “visual purple”, with 
maximum sensitivity to light of wave-length 507 ra/x (between blue 
and green); cones contain iodopsin with maximum sensitivity to 
light of wave-length about 570 m/x (red). 

In some vertebrates the eyes have been lost. They are very degen- 
erate in some of the Cyclostomes, which lead a semi-parasitic life, 
and in the Urodele Proteus, which inhabits the dark caves of Carniola. 
Fish which live in the dark of the abyss of the ocean or in caves 
may be blind and eyeless, as, for example, Ipnops, Amhlyopsis, and 
iMcifuga. Among mammals, the eyes are often reduced in forms 
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which live in iSie dark in burrows underground. The conunon mole 
is an example^ and a comparable but even more far-reaching reduc- 
tion of the eyes has taken place independently in the "^marsupial 
mole” Notoryctes. 

THE PINEAL. There is no doubt that the early vertebrates were 
capable of seeing by means of their pineal organs, through the 
pineal foramen in the roof of th? skull, though possibly not of 
forming an image. Among living forms, Petromyzon has two pineal 
organs; other forms have only one, which may represent the original 
right or left organ. The pineal is least degenerate in Sphenodon. It is 
in the form of a vesicle of which the upper wall forms the lens and 
the lower the retina, which is connected by nerve-fibres with the 
brain. This retina is not “inverted”, as is that of the paired eyes. 
Surrounding the retina is pigment, and the organ is sensitive to light. 

In birds and mammals there is no pineal foramen in the skull, 
and the pineal organ remains beneath the bone. It is reduced to a 
solid vestige and its function is changed from that of a visual organ 
to an organ of internal secretion or ductless gland. 

LATERAL-LINE ORGANS. Cyclostomes, fish and larval amphibia 
possess a system of sense-organs known as the lateral-line organs. 
The sensory cells are known as neuromasts, situated either in canals 
or in grooves. The neuromasts are sensitive to the direction of flow 
of the fluid in the canals, and this is presumably of significance for 
the ability possessed by fishes to orientate themselves to the direction 
of flow of water. The neuromasts are also very sensitive to low- 
frequency vibrations in water, perception of which enables the 
animal to become aware of the presence of solid objects in water 
at a distance. The lateral-line organs are innervated by the special • 
somatic sensory components of the facial, glossopharyngeal and 
vagus nerves, 

THE EAR. The ear is essentially a specialised portion of the lateral- 
line organ system, and the auditory nerve is a specialised branch of 
the special somatic sensory component of the facial nerve. The most 
primitive part of the ear is the utricular portion with its semicircular 
canals and ampulhT. Myxine has one, and Petromyzon has two 
semicircular canals on each side. All other Craniates have three, in 
planes at right angles to each other. In the utricle and in the ampullflc 
are the stalolithic particles or otoliths which are supported on sensory 
cilia. Gravity makes these particles weigh on the cilia immediately 
beneath them, whatever the position of the animal, and so the 
animal is informed of its position with regard to the vertical 
according as to which of the cilia are so stimulated. The semicircular 
canals contain fluid, the endolymph, as do all parts of the auditory 
sac. When the animal starts or ceases moving, a flow of endolymph 
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takes place in the semicircular canals* which resolve the direction 
of the movement into resultants in the three irtanes of space in which 
they lie. While the otoliths in the utricle are static, the ampullae of 
the semicircular canals are dynamic organs of balance. 

Hearing is the perception of mechanical vibrations of low fre- 
quency. Fish are capable of true hearing of sound (of a range of 
vibrations similar to that characteristic of man) by means of the 
saccule and lagena and its otolith. The acuteness of the power of 
hearing is greatly increased in the Cypriniform fish (e.g. Amiurus) 
where the swim-bladder is connected to the ear by the Weberian 
ossicles, and in those Clupeiform fish (e.g. Mormyrus) in which 
diverticula of the swim-bladder come into contact with the ear. 

This sense becomes more important in the vertebrates which have 
left the water, and are therefore subject to vibrations in air. This is 
significant because these animals are also the first to emit real vocal 
sounds (although some fishes can make noises). Since these animals 
are autostylic and no longer breathe by gills, the spiracular cleft and 
the hyomandibula are no longer needed to subserve their primitive 
functions; they give rise to the tympanic cavity (and Eustachian 
tube) and columella auris (stapes) respectively. The vibrations of air 
impinge on the tympanic membrane or ear-drum, and are conveyed 
by the columella auris across the tympanic cavity to the auditory 
capsule. The wall of the auditory capsule is imperforate in the fish 
and in the most primitive Stegocephalia (Eogyrinus), but in the 
remaining vertebrates the auditory capsule has two openings in its 
wall. One of these is the fenestra ovalis which enables the vibrations 
to be imparted to the fluid (perilymph) which balhes the auditory 
sac. The other is the fenestra rotunda; it is covered by a membrane 
which absorbs the vibrations in the perilymph and so brings them 
to an end. 

That part of the auditory sac which is actually concerned with 
hearing is the cochlea, rudimentary in amphibia but well developed 
in the higher vertebrates. The vibrations of the perilymph arc 
imparted to the endolymph within the cochlea, which in its turn 
stimulates the sensory cells. In mammals where the development of 
the ear is at its highest, the auditory ossicles arc three in number: 
the malleus (formed from Meckel’s cartilage), the incus (representing 
the quadrate), and the stapes (the columella auris). The cochlea is 
long and coiled, and an external ear assists in collecting the air 
vibrations and, by comparison between the stimulation of the two 
ears, in finding the direction whence the sound comes., A refinement 
of this faculty enables bats to avoid objects when flying in the dark. 
In lEUlght a bat emits a high-pitched sound of frequency about 0.05 
megacycles per second. These sound waves are reflected from solid 
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objects and ^cked’ up by the bat’s ears which, by stereophonic 
haai ln g , pve the bat power of audio-location so accurate that it is 
. able to avoid the objects from which the sound-waves are reflected. 

THE NOSE. The olfactory organ or nose contains an epitheliw 
which is sensitive to very minute quantities of chemical substances, 
dissolved or suspended in water, or suspended in air. In Dipnoi and 
Tetrapods the nose has an open connexion with the moudi cayi^, 
and so enters into the service of the respiratory system, enablinj(^ 
to reach the lungs without opening the mouth. This connexion d^ 
not exist in forms below the Dipnoi (except in Myxine, where the 
hypophysial sac opens into the gut). 

TASTE-ORGANS. The nose is a distance-receptor, appreciating 
chemical substances from afar. Taste-organs, on the other hand, 
serve for appreciating substances in contact with the animal, and 
especially in connexion with the opening of the alimentary canal. 
Taste is a visceral sense, while smell is a somatic sense. While in 
most vertebrates the taste-organs are restricted to the mouth, in 
some fish, such as the catfish, they are distributed over the surface 
of the body. 

JACOBSON’S ORGAN. Associated with the nose in land-verte- 
brates is a pair of pouches which constitute Jacobson’s, or the 
vomero-nasal organs. Their function is doubtful, but it is probably 
concerned with smelling the food in the mouth, with which they are 
in communication. In some forms, including man, Jacobson’s organs 
disappear. In the snakes they are very highly developed, and the tips 
of the forked tongue enter their openings in the roof of the mouth. 
Substances gathered on the tongue when protruded are thus placed 
in contact with the sense-organ. 
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CHAPTER XXXIII 


THE DUCTLESS GLANDS 

The ductless ^ands, or endocrine organs, are a group of structures 
remarkable no less for their function than for their mode of develop* 
ment, and their evolutionary history. The method of pouring out a 
secretion into the blood-stream instead of leading it away by a 
duct, is secondary, and some glands which are now ductless doubtless 
possessed ducts at earlier stages in evolution. Others, comprising the 
majority of the endocrine organs, were originally not glands at all, 
Jbut structures which have become useless in the sense that their 
original function is not or cannot any longer be performed. They 
have become modified and their functions have changed in a remark* 
able manner. It is perhaps not without significance that so many of 
the ductless glands should have such a history of structural and 
functional transformation. Another peculiarity which applies to 
several at least of these organs is that in development they arise from 
two separate rudiments, distinct in manner and place of origin, 
and even in the germ-layer from which they are formed. 

The method of secreting into the blood-stream carries with it a 
property which cannot be possessed by glands secreting by means of 
definite ducts, for the latter can only communicate with definite 
and restricted spaces in the body, and the effects of such secretions 
must be only local. On the other hand, the blood circulates all over 
the body, carrying the endocrine secretions with it. These can 
therefore affect the body as a whole, and they are of immense 
importance both during development and during adult life in 
effecting correlations of the various parts with one another. The 
ductless glands act as a chemical mechanism of integration relying 
on the transportation of the stimulus (the secretions) through the 
vascular system; and this mechanism is complementary to that of 
nervous correlation and integration which involves not transportation 
of stimuli but conduction of impulses arising from stimuli along 
special paths, the nerves. “Secretin”, which is produced by the 
lining of the intestine and stimulates the pancreas to secrete, has 
been mentioned in Chapter XXVI. 

THE THYROID. The thyroid was originally a longitudinal tract 
of ciliated and mucous-producing cells on the floor of the pharynx, 
called the endostyle. The endostyle is typically represented in 

343 
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AmpkhJm (mid in Ihe Ascidians), wber^ it is correlated with the 
diiary method of feeding, and serves to make a moving “fly paper”, 
on to which particles of food adhere and get carried safely back into 
the intestine (along the hyperpharyngeal groove), instead of getting 
carried out through the gill-sUts by the outgoing current of water 
and lost. Such an endostyle is also present in the Ammocoete larva 
of Petromyzon. In the adult, however, it becomes closed off from 
the pharynx and sunk beneath it, and it gives rise to the vesicles of 
the thyroid. In all Gnathostomes the thyroid arises in development 
from the floor of the pharynx, and in some Selachii its cells still show 
traces of flagella. In the bony fish, the thyroid is not enclosed in a 
capsule of connective tissue, with the result that when it undergoes 
abnormal growth (goitre) it may become carcinomatous and give 
rise to a malignant cancer which invades the neighbouring tissues, 
including the bones. In the higher forms the thyroid is enclosed in a 
capsule. 

The secretion of the thyroid increases the speed of the processes 
of metabolism in the body, and it has been said that it stands in the 
same relation to the body as the draught does to the fire. It plays 
an important part in the metamorphosis of amphibia, by promoting 
the growth of the (previously invisibly determined) regions into the 
organs which distinguish the tadpole from the adult frog or newt. 

THE PITUITARY. In all Craniatcs, the pituitary body is a com* 
posite organ formed from the hypophysis which grows in from the 
superficial ectoderm of the front of the head, and the infundibulum 
which is a down-growth from the floor of the forebrain. In Myxine 
these two constituents remain separated by connective tissue, but 
in all the remaining animals they are intimately connected and fused. 
In the Tetrapods it is possible to distinguish four parts in the 
pituitary, of which three (the anterior, intermedia, and tuberalis) 
arise from the hypophysis, and one (the nervosa) arises from the 
infundibulum. The intermedia is always (except in Myxine) plastered 
on to the nervosa, and the two together form the neuro-intermediate 
lobe. This is separated from an anterior lobe (formed of the anterior 
part) by the hypophysial cleft which represents the original cavity 
of the hypophysial ingrowth, Rathke's pocket. In some animals, the 
hypophysial cleft becomes obliterated in the adult. 

In evolution, the hypophysis appeared before the infundibulum, 
for in Amphioxus the latter is not represented, whereas the hypophysis 
is present in the form of the preoral pit. The preoral pit communi- 
cates with the (left) anterior head-cavity just as the hypophysis 
communicates with the premandibular somite in some Craniates 
(Torpedo), In the adult Amphioxus the prcoral pit becomes absorbed 
in the oral hood and gives rise to the ciliated organ which produces 
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a current of water towards the mouth. In later evolution it sank 
into the tissues and beclune a gland secreting by a duct into the 
mouth. This duct (which represents the open mouth of the cavity of 
Rathke’s pocket) is preserv^ in Polypterus, and C!yclostomes. In the 
latter, however, the duct has given rise to the large hypophysial 
sac which extends beneath the brain and has lost contact with the 
pituitary body. At the next stage in its evolution it must be imagined 
that the gland entered into relations with the infundibulum of the 
brain, and that it adopted the method of secreting into the blood** 
stream. 

The functions of the pituitary are many, and they arC only very 
imperfectly known. It must suffice to say that among these functions 
are those of: promotion of growth, control of blood-pressure, 
causing contractions of the uterus, expanding the black pigment- 



Figure 174. The pituitary body of a cat, seen, A, fiom the left side; B, 
in longitudinal section. 


atf anterior Jobe; //c, hypophysial deft; ic, infundibular cavjty; w7, neuro- 
intermediate lobe; pa, pars anterior; pi, pars intermedia; pn, pars nervosa; 
pi, pars tuberalis; tc, floor of the brain. 


cells in the skin of amphibia, stimulatinf, the follicles of the ovary, 
stimulating the conversion of a discharged follicle in mammals into 
a corpus luteum, and stimulating the mammary glands to secrete 
milk. 

THE ADRENAL. Like the pituitary, the adrenal bodies of the 
Tetrapods are composite structures. They are made up of an 
external cortex derived from the (mesodermal) coelomic epithelium, 
and a central medulla (chromaffine tissue, so-called from its staining 
reactions) derived from the (ectodermal) cells which have migrated 
out from the nerve-tube in connexion with the sympathetic nerve- 
cells. In the fish, these two components are quite separate. The 
cortex of the adrenal is in them represented by the inter-renal, which, 
as its name implies, is situated between the kidneys. The medulla is 
represented by a number of supra-renal bodies which lie on or near 
the sympathetic nerve-chains, on each side of the aorta; they are 
12 * 
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rou^bljr ^gmeixtal in arrangement. In tbe Cyclostomes, the supri^ 
tenab itro closes^ associated with the ^^a of the dorsal root$» 
but the inter-rei^s are not well known. 

Coining to the Tetrapods, the inter-renals and supra<*renals are 
together to form the adrenal bodies, but in the more primitive 
such as the newts, these still resemble the fish in that they are 
*^ot compact but form separate strips extending along the sym- 
/' pathetic nerve-chains, from the kidney to the anterior region of the 
‘ thorax. The carotid gland, which is situated at the joint of ihtj^ 
internal and external carotid arteries, is one of these. 

The secretion of the medullary portion of the adrenal (adrenalin) 
has been synthetically prepared, but in spite of this fact, little is 
known of the functions of the gland, except that it produces effects 
similar to those due to stimulation through the sympathetic auto- 
nomic nervous system. The functions of the adrenal cortex appear to 
be related to the activity of the kidney and the maintenance of the 
water and salt balance. 

THE THYMUS. The thymus first appears in the fish as a series of 
paired upgrowths from the roof of the gill-slits. In the Selachians it 
is more or less segmental in its arrangement, but in higher forms the 
correspondence is lost, and the number of slits which contribute to 
it is reduced. It controls the formation of the shell, shell-membranes, 
and albumen in birds’ eggs but its functions are very obscure. 

THE PARATHYROID, The name parathyroid is given to bodies 
which are usually situated close to or even in the thyroid, but which 
differ from the latter in their structure and method of development. 
They arise from the ventral regions of the 3rd and 4th visceral 
pouches in the Tetrapods, and are apparently absent in the fish. 
Their function is to regulate the calcium content of the blood. 

THE PINEAL. The pineal eye has already been described in 
connexion with the sense-organs. In the higher vertebrates this 
structure degenerates and is transformed into a gland the functions 
of which are unknown, 

THE PANCREAS. In addition to its function of producing enzymes 
for the purpose of digesting the food in the intestine, whither the 
enzymes are conducted by the pancreatic duct, the pancreas also 
functions as an organ of internal secretion. The tissue responsible 
for producing this internal secretion is that known as the islets of 
Langerhans, and its production is called insulin. The function of 
insulin is to store up glycogen in the liver, in which respect it is 
antagonised by the adrenalin. Diabetes is the result of faulty or 
non-functioning of the islets of Langerhans. Follicles of cells which 
secrete a hormone of the type of insulin are present in the wall of 
the mid-gut in Cyclostomes. In some Teleost fish, the endocrine 
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islet-tissue may form little masses separate aud apart iirom the 
ordinary pancreatic tissue, uduch secretes .the digestive pancreatic 
juice. 

THE “puberty” gland. The reproductive glands, ovary and ' 
testis, in the birds and mammals produce internal secretions vvhk% 
are concerned with the development and maintenance of the ; 
characters which distinguish one sex from the other. Since these: 
secretions are essential for the proper sexual differentiation Of the 
developing animals, the glands producing them have been called 
“puberty” glands. The interstitial cells of the testis secrete testo- 
sterone, the male hormone; the female hormone oestradiol is secreted 
by the follicle cells of the ovary. 

the corpus luteum. The corpus luteum is the name given to 
what is really a temporary endocrine organ in the mammals. After 
an egg has vacated its Graafian follicle, the follicle undergoes changes 
resulting in the increase in size of the follicular cells, and the in-, 
vasion of the follicle by connective tissue and blood-vessels. Should 
the egg liberated not get fertilised, the corpus luteum soon disappears, 
Should fertilisation result, however, and the blastocyst ^ome 
attached to the wall of the uterus, the corpus luteum persists and 
increases in size, until the end of pregnancy. During this time it 
produces a secretion, progesterone, the functions of which are to 
produce progestational proliferation of the uterus, and to render the 
uterine muscles insensitive to contractile stimulation. 
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CHAPTER XXXIV 


REGULATORY MECHANISMS 

All animals below the birds and mammals are what is usually called 
“cold-blooded”, or poikilothermous. Actually, these animals are 
not so much cold as dependent on the environmental temperature, 
which may be hot. It is a mistake to regard “cold-blooded” animals 
as necessarily cold, lethargic and sluggish, for in a tropical climate 
their temperature is high and they may be very active. Nevertheless, 
since the processes of life can only go on within a certain limited 
range of temperature, the fact that an animal is dependent on its 
environment for its temperature necessarily restricts the kinds of 
environments in which it is capable of living. Further, within the 
suitable habitat, the degree of activity of the animal will depend on 
the temperature. This inconstancy of thermal conditions is a serious 
bar to the further evolutionary progress of the poikilothermous 
animals. 

The advantage which the birds and mammals have in being 
“warm-blooded” (homothermous) is not only the fact that the 
temperature at which their biological processes go on is high, but 
still more the fact that this temperature is constantly maintained, 
regardless of the temperature of the environment. 

The processes of metabolism, and especially muscular activity, 
entail the production of heat. Some warm-blooded animals shiver 
when they are cold, and their muscles are then thrown into series of 
contractions. There is therefore a source of heat within the organism 
which tends to make the temperature rise. At the same time, heat is 
continually being lost by radiation from the surface of the animal. 
The maintenance of a constant temperature within the animal there- 
fore depends on a regulation and balance of the amounts of heat 
produced and lost. Poikilothermous animals have a temperature only 
slightly higher than that of the environment. Some seem to be able 
to raise their temperature slightly for a period by muscular con- 
tractions, such as the python when it is coiled round its eggs. But 
these animals have no means of combating really cold external 
temperatures, during which they must either hibernate or die. Within 
limits, the hotter the temperature, the better are the conditions for 
poikilothermous forms. Some lizards, however (Varanus, Uromastix), 
when exposed to great heat, increase their rate of breathing very 
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considerably, and so resort to panting. Panting results in tbe lungs 
getting rid of large quantities of water vapour, and as heat is absorb^ 
in the conversion of water into vapour, panting means loss of heat 
also. Uromastix, which inhabits deserts, is dark in colour up to a 
temperature of 41® C., but as the temperature rises above this point, 
it tends to become white. Since dark colours absorb heat and light 
colours reflect it, Vromastix has a peculiar mechanism which tends 
roughly to regulate its intake of heat from tlie environment. This 
method, however, is quite different from that of homothermoxis 
animals, birds, and mammals. In the first place, the homotbermous 
animals have an external covering which is a bad conductor of heat; 
this takes the form of feathers in birds, hairs in terrestrial mammals, 
and oil or blubber in birds and mammals which lead an aquatic 
existence. The effect of such a layer is to minimise the loss of heat 
by radiation. Next, they have more efficient respiratory and vascular 
systems, notably a four-chambered heart with complete separation 
of the arterial and venous circulations. In the Monotreme Echidna^ 
the temperature is regulated by varying the amount of heat produced, 
but it has no method of varying the amount of heat which it loses. 
It has no sweat-glands, no increase in the amount of blood in the 
skin (vaso-dilatation), and it does not resort to panting. The heat- 
production of Echidna varies according to the difference between its 
temperature and that of the environment. However, this regulation 
is not very efficient, for if the environmental temperature varies from 
35® to 5® C., the temperature of the animal will vary by about 
10® C. Not only is the constancy of its temperature less than that 
of higher mammals, but the actual normal internal temperature is 
lower, being about 30® C. In cold weather, Echidna hibernates. Us 
protective covering of hair is poor, and, like a few other mammals 
(such as the marmot), it becomes almost poikilothermous. On the 
other hand, in hot weather when the temperature rises above 35® C., 
Echidna dies of apoplexy (unless it is aestivating, deep beneath the 
ground), for its only method of countering a rise in the environ- 
mental temperature is to reduce its own internal heat-production, 
and a point is reached below which it cannot reduce its metabolism 
and still live. 

The other Monotreme, Ornithorhynchus, has a slightly higher 
normal temperature, 32® C., and it keeps it a little more constant. 
Not only can it vary its heat-production, but it can also vary its 
loss of heat by means of evaporation of water from its sweat- 

glands. , f- 1 

The higher mammals regulate their temperature almost 
by controlling the heat-loss. This they do by three methods . by the 
evaporation of water from the sweat-glands, by the dilatation of the 
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blood-vessels ii| the skm, and by the amleration of respiration or 
“panting^’. 1th<^ heat-production in these animals is not increased 
unless the external temperature drops considerably. The Marsupials 
;are intermediate between the Monotremes and the higher mammals 
in the efficiency of their temperature-regulations. 

In birds, heat is lost by evaporation of water through the lungs 
^and air-sacs. 

The advantages accruing from the possession of a high and con- 
stant internal temperature are very great. Not only does it allow of 
a higher rate of living, since chemical reactions are accelerated at 
high temperatures, but it enables dififerentiations and specialisations 
to arise which would be wrecked if the speed of the metabolic pro- 
cesses (or in other words, the internal temperature) were not con- 
stant. Further, it enables the animals to inhabit climates in which 
poikilothermous forms either cannot live, or have to spend con- 
siderable time hibernating against the cold or aestivating against the 
heat. So it is found that the supreme and dominant animals in arctic 
regions are the birds and mammals, while in the tropics, reptiles 
can compete successfully with birds and mammals. 

It is interesting to notice that during most of the period of in- 
cubation the embryo chick is poikilothermous. It is only shortly 
before hatching that it acquires the capacity of maintaining a uni- 
form temperature. The same is true of new-born mice, which 
become homothermous by the tenth day after birth. 

Another matter for which a regulatory mechanism has been 
evolved in the vertebrates is the osmotic pressure of the blood. The 
importance of maintaining a constant osmotic pressure of the blood 
lies in the fact that it entails constancy in the concentration of salts, 
or in other words a stable “internal environment”; and stability of 
conditions is essential for highly specialised and co-ordinated pro- 
cesses of life. 

Of aquatic invertebrates it may in general be said that their body- 
fluids have roughly the same osmotic pressure and the same per- 
centage of salts as the w'ater in which they live, and that these vary 
as the water varies. In the fishes the salts in the blood are only about 
one-third as concentrated as in sea water, which means that the 
blood is markedly hypotonic to sea water and markedly hypertonic 
to fresh water, which entails fundamental difficulties for the main- 
tenance of a constant water-balance. 

A Teleost in fresh water is exposed to the constant entry into its 
tissues of water by osmosis. This is minimised by the impermcabili^ 
of the skin and the reduction of the permeable areas to the mucous 
membranes of the mouth and gut and the gills. The excess of water 
is then expelled by the glomerular kidney which excretes a copious 
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dilute urine, the essential salts an^^ sugars havin| been reabsorbed 
into the blood by the kidney tubules. . 

A Teleost in sea water is exposed to the constant loss of water by 
exosmosis. This is minimised by the reduction of the glomeruli so 
that the kidneys only excrete a Sparse urine, isotonic with the blood,/ 
At the same time, sea water is drunk and the salts are got rid of bj?' 
the special “chloride-secreting” cells in the gills. In this way a supply 
of pure water is obtainable from the sea. 

Usually, Teleosts are restricted in their power of adaptation to 
one environment, either sea or fresh water: i.e., they are stenohaline, 
But in some, such as the eel or salmon, alternate use of both 
mechanisms allows them to adapt themselves to either medium, i.e,, 
to be euryhaline. 

A Selachian in sea water has the same concentration of salts in 
its blood as a Teleost but it has in addition about 2 per cent, of 
urea, which raises its blood to a level hypertonic to sea water. There 
is here therefore no difficulty in obtaining pure water by endosmosis. 
The Selachian has no “chloride secreting” cells, and its glomerular 
kidney excretes a normal urine from which urea is reabsorbed by 
the tubules into the blood. 

A Selachian in fresh water has 06 per cent, of urea in its blood, 
which results in less endosmosis of water than if it had been 2 per 
cent., but it is nevertheless considerable and the excess of water is 
excreted as copious urine. 

In the land-vertebrates, the osmotic pressure of the blood is 
regulated by the kidneys, which in birds and mammals excrete 
concentrated hypertonic urine (p. 302). Loss of water occurs through 
the lungs and, in mammals, the sweat-glands; it is minimised by rc- 
absorption of water from the faeces in the large intestine, and made 
good by drinking. 

The relation between the quantities of oxygen and CO 2 in the 
blood is regulated by the respiratory system, controlled by a centre 
in the brain. If the blood is rich in CO^ the respiratory movements 
are accelerated, and conversely they are retarded if the quantity of 
CO 2 is low. In this connexion it must be remembered that the res- 
piratory movements of the fish and amphibia are effected by the 
muscles of the visceral arches. These are visceral muscles, innervated 
, by visceral efferent fibres in the dorsal cranial nerve-roots, and the 
centre which controls them is in the visceral sensory lobe of the 
medulla oblongata. In the Selachian (Raia) it is perhaps better to 
speak of several centres, one corresponding to each gf the 7th, 9th, 
and 10th cranial nerves. Each of these segmental centres in Raia 
has a degree of autonomy of its own, for if separated from the 
others by cutting across the medulla, it continues to regulate the 
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muscular movements in the visceral arch or arches to which it is 
connected. 

In the amniotes, however, the respiratory movements are eflFected 
by the intercostal muscles (moving the ribs) and the muscles of the 
diaphragm. These are somatic (myotomic) muscles innervated by 
somatic efferent fibres through ventral nerve-roots in the region of 
the neck and trunk. Nevertheless, the “respiratory centre” is still in 
the medulla oblongata, in the primitive position which it occupied 
in the fish and amphibia, but it no longer shows the simple segmental 
arrangement. 

Lastly, attention may be paid to two features which the higher 
vertebrates possess, and which, though not strictly regulatory (com- 
pensating) mechanisms, nevertheless serve to ensure maximum con- 
stancy of conditions. The first of these is concerned with the fact 
that the ovary and testis in birds and mammals serve not only for 
the production of reproductive cells, but they also furnish a chemical 
secretion which evokes and maintains the development of the 
secondary sexual characters. 

The other feature refers to the method of ossification of certain 
cartilage-bones by means of a diaphysis and two epiphyses, which is 
characteristic of the mammals. This method enables the bones in 
question to function as supports and hinges, and at the same time 
to grow and enlarge so long as the diaphysis and the epiphyses 
remain separated by cartilage. But once the diaphysis becomes 
firmly united by bone with the epiphyses at each end of it, the growth 
of the bone as a whole ceases. The maximum size of such bones is 
therefore limited, as is that of the animal. 

In several respects, therefore, the higher vertebrates differ from 
the lower. With the temperature, the osmotic pressure and the acid- 
base relations of the blood regulated and constant, the higher 
vertebrates are largely independent of the environment. Indeed, they 
have a constant internal climate and “environment” of their own, 
in which they live sheltered from external agencies, with, in mammals, 
a constant final adult size. 

The possession of this “internal environment” is not only one of 
the chief means of survival of the higher vertebrates, but it has also 
enabled them to become as specialised and perfected as they are. 
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CHAPTER XXXV 


BLOOD RELATIONSHIPS AMONG THE CHORDATES 

If 

The various species of animals differ not only in their structure, 
their method of development and their habits, but also in the 
chemical composition of their tissues. The most useful tissue to take 
in this connexion is the blood. Now, chemical methods are not 
sufficiently refined to detect the difference between the bloods of two 
animals and to estimate the degree of similarity which they show. It 
is possible, however, to have recourse to biological methods by 
making use of the property which animals possess of developing 
immunity. If horse’s blood, for example, is injected into the vascular 
system of a rabbit, the rabbit will after a time produce a substance 
in its blood which reacts to horse’s blood, and precipitates it. This 
is the same principle as that used for preparing antitoxins for certain 
diseases. As to how the antitoxin or antiserum is produced, little is 
known, but it suffices for present purposes to realise that in the 
hypothetical case just described rabbit’s blood immunised against 
horse’s blood will always precipitate horse’s blood, to the extent of 
100 per cent. This means that anti-horse serum, as it may be called, 
is specific against horse, and it is a matter of no importance what 
kind of animal has been used to produce the antiserum. But the 
specificity against horse is not quite exclusive. Anti-horse serum, as 
it may be called, will produce no effect whatever if mixed with, say, 
blood of a bird; but it will produce a slight precipitation with blood 
of pig, and still more with blood of ass. This means that the blood 
of horse is more similar to that of ass than to that of pig, as regards 
its chemical composition, and this is just what would be expected 
from a knowledge of the comparative anatomy and embryology, 
and from the palaeontology regarding these three species. 

The precipitin blood-tests therefore furnish a means for estimating 
the relative similarities between the bloods of different animals, and 
they are not only a biochemical proof of the theory of evolution, 
bat also an index for classification. 

The following are a few tables showing the relative affinities 
between the bloods of a number of vertebrates:* 

* From Nuttall. 
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Anti-human serum mixed with blood of:-— 


Man 

^ves 

IbOpec cent, precipitatioa. 

Gorilla 


64 



Orang Outang 


42 

>• 

i» 

Baboon 


29 

. 

•» 

Ox 


10 

»* 


Sheep 


10 


n 

Deer 

»» 

. 7 


» 

Horse 

9 > 

2 

t» 

u 

Marsupial 

»> 

0 

>* 

99 


These results show several interesting points. In the first place, the 
great similarity between the blood of man and that of the gorilla 
should dispel any doubt (should any be left) concerning the evolution 
of man from other mammals. The precipitation percentages show that 
human blood is more like that of the apes than that of the baboon, 
and more like the latter than the blood of animals like horse and deer. 
This fits in perfectly with evidence derived from other sources. It 
is also interesting to note that two animals which are believed to 
be closely related to one another like ox and sheep, should show the 
same degree of dissimilarity to man. The relationship between sheep 
and ox can also be tested by immunising a rabbit to sheep blood. 

Anti-sheep serum mixed with blood of : — 


Sheep 

gives 

100 per cent, precipitation. 

Ox 

99 

75 ,, ), 

Antelope 

99 

67 ,, „ 

Reindeer 

99 

35 t9 


The relationship between sheep and ox is here shown to be close. 
Other experiments have revealed the Artiodactyla as the nearest 
relatives of Cetacea. 

Some of the most interesting results are those which refer to the 
relative afiinities between the various groups of reptiles, and between 
them and the birds. 

Anti-fowl egg serum mixed with blood of: — 

Crocodile gave a positive result (precipitation) in 50 per cent, of cases. 
Chelonian „ „ „ n ^ »» »» 

Lacertilian „ „ „ „ 7 „ 

Ophidian „ „ „ 6 „ 

These results show that the reptiles (alive now) nearest akin to the 
birds are the crocodiles, which again corroborates all the evidence 
from other sources. It further indicates that the crocodiles and turtles 
are more closely akin to one another than they are to the lizards and 
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$nakeS| which^ again, are fairly closely allied to one another. This is 
further showni by the following: 

Anti*cheloniito scrum mixed with blood of: — 

Chelonian gave a positive result in 87 per cent, of cases. 

Orocodile ty », 25 ,, 

t-a^ccrtilian }« y* *i >» 

Ophidian u »» 6 „ „ 

In the Urodeles, serological tests have shown that the neotenous 
forms Siren and Necturus are more closely related to Triturus than 
to Crypiobranchusy which means that they are not primitive but 
secondary. 

Besides the precipitin tests, there are other methods of estimating 
the blood-relationships of vertebrates. For one thing, it is found that 
blood of any particular species has the power of destroying the 
blood-corpuscles of other species, to an extent varying with the 
remoteness of the relationship between them. Again, it is found that 
the degree of virulence with which an animal will suffer from a human 
disease varies with its degree of kinship to man. So syphilis attacks 
the chimpanzee more seriously than the orang, and the latter more 
than the baboon. Lastly, attention may be called to the so-called 
blood-groups, into which the human race is divided. There are four 
of these blood-groups, and they are due to two agglutinating sub- 
stances, which may be absent, or one, or the other, or both may be 
present, in the blood of a man, and cause clotting when the blood is 
mixed with that of another incompatible group. Incidentally these 
groups are further interesting in that they are inherited by means of 
Mendelian factors, but their main interest from the present point of 
view lies in the fact that the blood-groups and agglutinating sub- 
stances are also found in apes. Here, therefore, are definite bio- 
chemical characters which are shared by apes and man. 
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PART IV 


EVOLUTIONARY MORPHOLOGY 

CHAPTER XXXVl 

THE BEARING OF PHYSICAL AND CLIMATIC 
FACTORS ON CHORDATES ^ 

To understand their evolution and life it is essential to consider 
animals in relation to their environment. iJuring the time since 
chordate animals first appeared, the environment has changed very 
considerably at one time or another. Of the most primitive forms 
there is no record preserved, for the simple reason that these animals 
did not possess structures capable of preservation by fossilisation. 
The earliest known vertebrates are from the Silurian period about 
350 million years ago, and they were Acrania and “fish”. The earth 
was at this time covered with shallow seas containing coral-reefs 
which are indicative of a mild climate. In the ensuing Devonian 
period, about 300 million years ago, shallow lagoons and enclosed 
basins of fresh water were in abundance, and the land which had 
emerged enjoyed desert conditions with Uttle rainfall. It is towards 
the end of this period that the first land-vertebrates (Stegoccphalian 
amphibia) appeared. The next or Carboniferous period, about 
250 million years ago, was one of tropical climates, during which 
luxuriant forests covered the land. The trees had no rings of growth 
which fact proves that there were no seasons. True reptiles first 
appeared here. In the late Carboniferous and Permian period about 
200 naillion years ago, the climate became colder as the continents 
rose and mountain chains were formed, resulting in an ice-age or 
glacial period. In the following Trias, about 190 million years ago, 
warm conditions returned, without seasonal variation. The earliest 
known mammals belong to this period. Warm conditions persisted 
throughout the Jurassic period, from 170 to 140 million years ago, 
in which the first birds are found, but this period is pre-eminently 
the “age of reptiles”, not only on account of the number of different 
types which flourished, but also because of the gigantic size to which 
many of them grew. 

In the Cretaceous, about 100 million years ago, cold conditions 
returned with seasonal variations. Mountain-building and glaciation 
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occurred in s^mc parts of the earth, the temperature of which was 
now c^nsidcr|bly reduced. At this time and perhaps for this reason 
the majority of the reptiles which had hitherto been so successful 
went extinct and were superseded by mammals as the dominant 
animals. Aft^ this time, hot conditions set in again for the main 
part of the Tertiary era which began 70 million years ago, gradually 
diminishing towards its close when a fresh bout of mountain-building 
erected the Alps. Then, about 1 million years ago, followed the great 
Ice-Age, with its four episodes of glaciation and three interglacial 
periods. Mammals continued evolving during all this period, towards 
the end of which man appeared. 

The most important early changes in the environment as far as 
the vertebrates were concerned were the drying-up of the lagoons 
and estuaries in the Devonian, and the variations of temperature. 

It is a characteristic feature of desiccated areas that the water 
expanses which they possess shrink to ponds, and the oxygen-content 
of the water decreases owing to the quantities of decomposing organic 
matter with which the ponds become filled. Under such circumstances 
it is obvious that fish which are provided with means of suppleihent- 
ing their branchial respiration would have a much greater chance 
of surviving, and the first step in this direction was the habit of 
taking air into the pharynx when at the surface. At the present day, 
inhabitants of such waters show diverse adaptations, but by far 
the most important of these from the present point of view are the 
Dipnoi, with their lungs. There is little doubt that the ancestors of 
the Tetrapods encountered and mastered conditions of desiccation 
in fresh water, in the same way as the modern Dipnoi. There is the 
further danger that under these circumstances the water may dry 
up altogether, as it does in the case of the swamps in which 
Protopterus lives, and then the possession of a means for pulmonary 
respiration is the only condition for survival. 

Temperature may vary in several different ways, either in space - 
or in time, or in both. So the tropics and the temperate and polar 
regions differ in temperature, as do day and night or summer and 
winter. 

Homothermous animals are largely independent of temperature 
variation in the outer environment since they live in a constant 
internal environment of their own. However, the outer environ- 
mental temperature has a bearing on their size. This follows readily 
from a consideration of the ratios of surface to volume at different 
sizes. The surface increases as the square, but the volume increases 
as the cube of the linear dimensions, so that there is relatively more 
surface in small animals than in large ones. The importance of this 
for homothermous animals is that the amount of internal heat 
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produced (by metabolism) and lost (by radiation) varies relatively 
with the surface. So, of two dogs weig^g 20 and 3 J kg. respectively, 
the former will have a surface of 7,^ sq(* cm., the latter 2,423 sq. cm. 
For every kg. of dog, there is in the large dog 375 sq. cm., and in 
small one 757 sq. cm. of surface, and the amount of heat ^ven off' 
from the dogs per kg. is twice as high in the case o( the small dog as 
in the case of the large one. 

Small homothermous animals therefore radiate relatively more 
heat from their surface than large animals, and this heat-loss has to 
be compensated by relatively more active metabolism and intake of 
food. In spite of the fact that mammals and birds grind their food . 
up small (in the mouth in mammals: in birds, in the gizzard) so ^ 
that the processes of digestion are accelerated, a stage of smallness 
is reached when the animals have to spend all their time feeding. 
Shrews and humming-birds are of about this size. If they were 
smaller than this they would need to consume quantities of food 
which they would not have time to eat. Especially true is this of 
regions in which because of seasonal variation the days arc short for 
a period in each year. The ratio of surfece to volume therefore 
establishes a minimum limit of size for homothermous animals in a 
given outer environmental temperature. , 

In cold climates, such as prevail in polar regions, homothermous 
animals tend to be large. They profit by their relatively small surface 
from which they lose heat, and also by the fact that they do not 
require to spend all their daylight eating as they would if their 
surface/volume ratios were large and they were small in size. On the 
other hand, tropical homothermous animals can afiord to be small 
and to have large surface/volume ratios. The intensity of heat 
radiation is less than in polar regions because of the higher temper- 
ature of the air, and small size enables them to get rid of their heat. 
Also, there is ample food, and daylight to cat it in, to make up for 
the heat lost. Homothermous animals a* small as humming-birds 
could not live in really cold climates. 

It is worth noticing that fat, which is a poor conductor of heat, 
forms a layer underlying the skin in the animals inhabiting polar 
regions (seal, penguin), and so assists in minimising the amount of 
heat lost by radiation. When, on the other hand, fat is stored by 
homothermous animals living in hot climates, it is not distributed 
under the skin all over the body, where it would interfere with he^- 
radiation, but it is localised and forms humps as in the camel or the 

zebu. . / 

Whereas homothermous animals tend to be large in polar regions 
and small in the tropics, poikilothermous animals show precisely the 
opposite tendency, and for the same reasons. The reptile depends 
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on the outer Environment for its heat In cold climates, when it is 
not hibernating, it is to its advantage to absorb as much as possible 
of what heat there is. This is assisted by a large surface/volumc ratio, 
and consequently a small size. Effectively, it is found that the fish, 
Wphibia, and reptiles inhabiting cold climates are smaller than 
their relatives living under warmer conditions. For in tropical 
climates, these animals can afford to be large. The giant frogs, 
turtles, lizards, snakes, and crocodiles of the tropics illustrate this 
point well. The huge size of the reptiles in the Jurassic period must 
have been made possible by the hot conditions which prevailed 
then. 

It is further to be noticed that in tropical regions the poikilo- 
thermous animals can compete successfully with the homothermous; 
whereas in polar regions the homothermous animals dominate over 
the poikilothermous by reason of their constant internal temperature. 
It follows that if a region of high temperature, populated by poikilo- 
thermous and homothermous animals, were to undergo a reduction 
of temperature (as by greater elevation of the land above sea-level 
or the approach of an ice-age), the homothermous animals would 
survive, whereas the poikilothermous forms would be very likely 
to go extinct, especially if they were of large size. This may be what 
happened at the cold end of the warm secondary era (Trias to 
Cretaceous inclusive, the “age of reptiles”), when the reptiles all 
but went extinct, and were only survived by the present-day forms, 
which furnish a miserable sample of former richness of the reptilian 
fauna. At the same time, the homothermous birds and mammals 
survived, the latter to become the dominant animals. 

It is seen, therefore, that certain of the greatest episodes in the 
history of the vertebrates, such as the evolution of the amphibia, 
may have been largely conditioned by climatic changes in the earth’s 
crust. Other episodes were probably related to adaptations to more 
fixed climatic conditions. Of these, two only will be mentioned here.^ 
The first concerns the evolution of the early fish. The original 
ancestors of the chordates must have been marine forms, but there 
are certain considerations which suggest that the evolution of the 
early chordates took place in fresh or estuarine water. The typical 
chordate method oT locomotion by undulations of the body from 
side to side may be regarded as an adaptation to life in rivers in 
which there is a more or less constant flow of water in a certain 
direction. The glomerular kidney is also an adaptation to life in 
fresh water (see p. 301). 

The other episode concerns the evolution of man, part of whose 
early ancestral history is related to the habit of living in trees. It is 
common for arboreal animals to retain unspecialised limbs, and to 
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acquire the capacity of opposing one or more digits to the others, 
and so be able to grasp branches firmly. At the same time the sense of 
smell becomes less important, while that of sight becomes dominant, 
leading to binocular and stereoscopic vision, and the capacity to 
estimate distance. This is of importance to an arboreal animal in 
estimating the strength of its leaps from branch to branch. The 
neurological changes which accompany these anatomical ones are 
the subordination of the olfactory cortex of the cerebral hemisphere 
(hippocampus) and the elevation of the non-olfactory cortex or 
neopallium to a dominant position. In other words, arboreal life 
favoured the development and evolution of the brain, which is the 
organ which most distinguishes the Primates, and especially man, 
from the remainder. 

In previous paragraphs it was shown how the minimum limit of 
size of homothermous animals was determined, and it was found to 
be affected by the climatic temperature. The minimum size of 
poikilothermous Tetrapods has no relation to temperature, but is 
determined by the capacity of the muscles to actuate the skeleton 
and move the animal about. 

The maximum size of land-vertebrates is limited by the ratio 
between the weight of the body and the supporting strength of the 
legs. The weight varies with the volume, which is proportional to the 
cube of the linear dimensions of the animal. But the strength of the 
legs is measured by the cross-sectional* area, which is proportional 
to the square only of the linear dimensions. The larger the animal 
is, therefore, the relatively heavier will the load be which the legs 
have to carry. If the length of a rabbit is 10 times more than thtit of 
a mouse, the weight which the rabbit’s legs carry is 1000 times 
greater than that which the legs of the mouse support. Against this 
the cross-sectional area of the rabbit’s leg is 100 times that of the 
leg of the mouse. The result is that the weight per square millimetre 
on the legs of the rabbit is 10 times more than that on the legs of 
the mouse. As the strength of the skeletal material (bone) cannot 
be increased, a stage is reached at which the legs can no longer safely 
carry the weight of the body, or they must be so large as to be almost 
immovable. Already in the elephants they are like pillars, and these 
animals are near the maximum size for land-vertebrates. For aquatic 
forms, the conditions are of course different, since by Archimedes’ 
principle the buoyancy of the water reduces the relative weight of 
the animal, which is usually not borne on the limbs at all. So the 
whales and sharks can reach sizes which are impossible for land 
forms. For this reason, it is likely that the largest of the Dinosaurs 
were more or less aquatic. 
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Allied to BSanoglossus are the Pterobranchia, whicb show some 
chordate features, but no dorsal tubular nerve-cord. One of them, 
CephalodiscuSf has the three sets of ccplomic pouches, each with a 
coelomostome, and a pair of gill-slits. It is sessile, reproducing actively 
by budding. Atubaria seems to have nephridia. Apother, Rhabdo- 
pleura, is not only sessile but colonial, for the buds formed remain in 
connexion with the parent stock. Rhabdopleura has the three sets of 
codomic pouches, and coelomostomes, but no gill-slits. The fossil 
Graptolites were perhaps related to these forms. 

The next form to consider is Phoronis, which is worm-like with the 
anterior end modified into a row of tentacles. The anterior region 
of the body corresponding to the proboscis is reduced to a flap over- 
hanging the mouth, so that the body contains only two sets of 
coelomic pouches. The larval form of Phoronis, which is called the 
Actinotrocha, has ciliated bands reminiscent of those of the Tornaria. 
Phoronis has nephridia, and as these structures are also present in 
Amphioxus, it is possible that they were present in the original 
common ancestor from which all these forms were descended. 

Phoronis is related to the Ectoproctous Polyzoa, and to the 
Brachiopoda. All these forms, so far as is known, tend to have 
ccelomic pouches developed as enterocoels, and usually showing a 
tripartite arrangement. Many of them have open coelomostomes. 
The larval forms usually have a ciliated band passing behind the 
mouth, and cleavage of the egg is indeterminate. These features 
distinguish the chordates and their allies from the other great group 
of invertebrates comprising the Annelida, Arthropoda, and 
Mollusca. 

There is reason to believe that the concentration of nerve-cells to 
form a central nervous system out of the more primitive diffuse 
nerve-net took place in the region of greatest stimulation. This is the 
ventral side in Annelida, Arthropoda, and Mollusca, all of which 
typically crawl on the ventral surface. The fact that the central 
nervous system of chordates is dorsal seems to show that the 
ancestral chordates were not ventral crawlers, but pursued a free- 
living pelagic existence, receiving the greatest stimulation on the 
dorsal side from the surface of the sea. There is some reason to 
suppose that these ancestral chordates resembled the larvae of 
Echinoderms and of Balanoglossus, 

Returning now from these more or less distant allies to true 
chordates, the next group to consider is one which, like the Hemi- 
chordates, has left the main line of chordate evolution and become 
specialised in different directions: the Urochordata. These preserve 
the notochord in the tail in the larval stage only, and the dorsal 
tubular nerve-cord of the larva degenerates in the adult. They possess 
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giU-sUts, and a typical well-developed endostyle, used in connexion 
with the dliaty method of feeding. Their development is also typical 
of chordates. >One group of these animals, the Larvacea, retainsr the 
larval structure throughout life, wi()th the tail and notochord. The 
others pass through a free-swimming larval stage, and then undergo 
a retrograde metamorphosis into sessile animals, losing the tail, 
notochord, and larval eyes and organs of balance. These are the 
Ascidiacea or sea-squirts. Some of these are solitary, but most are 
colonial, reproducing extensively by asexual reproduction or 
budding, as is commonly the case with sessile forms. Others, forming 
the group of Thaliacea or salps, have returned to a free-swimming 
existence, but retaining many traces of former sessile habits; in 
particular the habit of budding, which is very prevalent. Some of 
them have a true alternation of sexually produced (from fertilised 
eggs) and asexually produced (from buds) generations; and one form 
is further interesting in that the sexually produced generation is 
nourished during its development by the mother by means of a 
placenta (Salpa). 

None of these forms, however, exhibit the typical chordate 
segmentation of the body, which enables them to swim in definite 
directions instead of being carried aimlessly about at the mercy of 
currents. The immediate ancestors of Amphioxus and of the higher 
chordates were elongated, compressed from side to side and deep 
from dorsal to ventral edge. As a consequence, they were able to 
bend the body from side to side, and perform undulatory movements. 
The body was made up of several segments. Each segment was 
separated from the ones in front and behind by septa or partitions, 
and stretching from septum to septum were the myotomic muscle- 
fibres. When the myotome on one side of a segment contracts, the 
septa bounding that segment come closer together, and the body 
becomes concave on that side. The advantage of having several 
segments made it possible for the body to bend in several places. By 
bending alternately right and left in successive regions of the body, 
and making the bends pass down the length of the body by throwing 
the myotomes into contraction in succession, the undulatory move- 
ments are produced which enable the organism to swim. These move- 
ments were made still more efficacious by lengthening the body, 
which was accomplished by the development of an extension behind 
the anus forming the tail. After bending in any place, the body 
became straight (before bending in the opposite direction), and this 
was effected not only by the relaxation of the myotome on that side, 
and the contraction of the myotome on the opposite side, but by 
the possession of a stiff yet elastic rod running along the whole 
length of the animal: the notochord. This is the typical primitive 
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method of chordate locomotion which persists not only in the fish» 
but also in the lowest land-votebrates. . 

The fact that the animal moved jp a^defimte direction had the 
consequence that the front end was further speciatised by a con^ 
centration of sense-organs, which ultimately was to bring about 
the formation of a head and of a skull which is characteristic of 
the Craniata. 

It has been held, with some degree of probability, that the habit 
of swimming in a definite direction was evolved in response to the 
constant direction of flow of water in rivers or large estuaries, and 
that the evolution of the early true chordates took place in such 
surroundings. The formation of the glomerular type of kidhey also 
suggests that the early vertebrates evolved in fresh water. 

The ciliary method of feeding which these animals possessed 
limited the size of the particles of food which they could ingest, 
and the size to which they could grow. 

The earliest recognisable chordates of which fossil remains are 
known include Jamoytius from the Silurian. With its v-shaped 
myotomes like those of Amphioxtis, continuous median and lateral 
fin-folds, and its unarmoured skin, it probably represents the most 
primitive chordate yet known, belonging to a group from earlier 
members of which the Craniata might have evolved. 

At about the same period there appear the Ostracoderms (from the 
upper Silurian and Devonian), which recent work has shown to be 
related to the Cyclostomes, especially as regards the brain, auditory 
organs, and blood-vessels. This raises some interesting problems, 
because the Ostracoderms possessed denticles, bone, and paired fins, 
all of which structures are lacking in Cyclostomes. The mode of life 
of Petromyzon, Bdellostoma^ and Myxine is undoubtedly degenerate 
with their sucldng mouth, but they would be more degenerate than 
otherwise expected if they had lost the structures possessed by the 
Ostracoderms. The curious fossil Palaospondylus (from the 
Devonian) may be related to these forms, in all of which evolution 
had proceeded far enough for the formation of a definite head. 

The first Gnathostomes, i.e., Craniata provided with biting jaws, 
to appear are the Acanthodians (upper Silurian), which had skeletons 
of cartilage and bone and in which the hyoid arch and slit were 
similar to the branchial arches and slits behind them (the Apheto- 
hyoidea). All these forms had two pairs of paired fins, and hetero- 
cercal tails. 

The first true fish or Pisces (in which the hyoid arch^supports the 
jaws) to appear are the bony fish or Osteichthyes in the middle 
Devonian, and the lungs which they possess were probably in 
connexion with the poor oxygen-content of the fresh water in which 
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they lived. The Dipnoi were represented by Dipterus (Devonian), 
and the non-Dipnoan bony fish, or Teleostomi, were represented by 
Osteolepis (also Devonian)* These two forms were closely related, 
and they had the following characters in common: blunt lobate fins, 
a pair of external and a pair of internal nostrils, the general arrange- 
ment of the bones of the roof of the skull, heterocercal tails, and, 
most important of all, cosmoid scales. There is no doubt that they 
had a common ancestor, perhaps in the Silurian, and from a close 
relative of this ancestor the Tetrapods arose. One of the Osteolepi- 
doti, Sauripterusy had fins from which the structure of the penta- 
dactyl limb of the Tetrapod might be derived. In the Coelacanths, 
which are Teleostomes related to the Osteolepidoti, there is definite 
evidence of the presence of a lung, for it was calcified and fossilised. 
The Coelacanths are represented today by Latimeria, The Dipnoi 
evolved into the forms living at the present day, and became more 
and more adapted to life in rivers which are liable to dry up. The 
wide and discontinuous distribution of Ceratodus (Australia), 
Lepidosiren (South America) and Protopterus (Africa) today is 
evidence of the antiquity of the group. The evolution of these forms 
went on parallel to that of the early Tetrapods, and independently 
from them. 

On the Teleostome side, another group arose in the Devonian 
from some relatives of the Osteolepidoti: the Palaeoniscoidea. These 
fish are characterised by the possession of scales of the type called 
palaeoniscoid. Cheirolepis resembled Osteolepis in the structure of 
its skull, but its eyes were larger and the heterocercal tail was more 
accentuated. This provision for more active swimming was probably 
connected with the improvement of the eyes as sense-organs. 
Polypterusy alive today, may be regarded as a descendant of the 
Palajoniscoids. It has palaeoniscoid scales, and preserves the open 
spiracle. It inhabits certain rivers in Africa. On the other hand, the 
Palaeoniscoids also gave rise to the sturgeons. Chondrosteus (Jurassic) 
is already like the sturgeon Acipenser. These animals preserve the 
open spiracle, but the paloeoniscoid structure of the scales is lost. 
Sturgeons are both fluviatile and marine. 

Another line of evolution from the Palaeoniscoids leads to the 
higher bony fish or Holostei. These fish lose the open spiracle and 
their tails assume the homocercal pattern. At the same time the 
radials of the paired fins become reduced, and the web of the fin 
is supported mostly by the dermal fin-rays or lepidotrichia. In the 
median dorsal and ventral fins the lepidotrichia correspond in pairs 
to the radials, so that the fins can be lowered and raised. Of the 
Holostei, two groups are primitive. One of these contains Amia, an 
inhabitant of the rivers of North America. Its lung is still highly 
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vascular and supplied by pulmonary arteries, and in the region of 
the tail its vertebral column consists of separate hypo* and pleuro- 
centra. The other group contains Lepidosteus, likewise an inhabitant 
of North American rivers. Its scales are of the peculiar pattern 
known as lepidosteoid, with a covering of ganoin. Tht lung is 
vascular, but supplied by arteries from the dorsal aorta. It is worth 
noticing that the primitive Osteichthyes are almost exclusively 
inhabitants of fresh water. 

In the remaining highest bony fish or Teleostei (a term not to be 
confused with Teleostomi), the scales lose the layer of ganoin and 
l^ecome thin and transparent. The lung becomes modified into a 
sWim-bladder, and loses the vascular spongy walls characteristic of 
a lung. It functions as a hydrostatic organ of adaptation to different 
depths, and this illustrates the fact that the Teleostei are a group 
which has reinvaded the sea from fresh water. Rivers do not possess 
sufficient depth to necessitate a swim-bladder. A number of Teleosts, 
however, are inhabitants of fresh water, to which they have pre- 
sumably returned from the sea. The Teleosts have radiated into a 
great many different lines, and are the most successful of the fish. 
They have become specialised to various modes of life, but they 
must be regarded as a sterile side branch on the tree of vertebrate 
evolution, for their specialisations have prevented them from 
evolving into anything further. Although some of them, such as 
Periophthalmus^ are capable of coming out on dry land and hobbling 
about, they cannot compete with the true land-vertebrates, which 
are less specialised but more progressive descendants of their ances- 
tors, the pre-Osteolepids. Of the adaptations which Teleostei have 
undergone, one of the most interesting is the modification in con- 
nexion with the habit of living on the sea-bottom, and which has 
resulted in the “flat fish”. When hatched, these fish, of which Solea 
(the sole) is an example, are normal and symmetrical in form but 
they undergo a metamorphosis as a result of which they lie on one 
side on the bottom. The head becomes twisted so that the eye of the 
^‘underside” (right or left, according to the species) moves on to the 
“upper side”. It is interesting to compare this flattened condition of 
the body with that of the rays. The modifications in the two groups 
are totally different, but both are adaptations to one and the same 
mode of life, and this accounts for what similarity there is between 

them. , , 

The so-called flying fishes, of which Exoccetus is an example, have 
enlarged pectoral fins, and are capable of prolonged leaps 
the air rather than of true flight. Lastly, attention may be called to 
certain deep-sea fish EdriolychnuSy which are not only of a pwuuar 
shape, but are remarkable in that the males are dwarfed and 
13— v.z. 
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degenerate, and live attached to the females on which they are 
parasitic. 

Returning qow to the upper Devonian, the cartilaginous fishes or 
Chondrichthy^ make their appearance with Cladoselache. Their 
possession'of cartilage but lack of bone raises the question whether 
the Chondrichthyes may not have lost the bone perhaps possessed 
by their ancestors, and which was present in the Ostracoderms and 
Ostdchtbyes, which appear before the Chondricthyes. But although 
the Chondrichthyes appear later than the Osteichthyes, they seem to 
present a lower grade of structure and organization. 

True Selachii related to Heterodontus (the Port Jackson Shark) 
appeared in the Carboniferous. Pleuracanthus appears in the 
Permian. At the present day, the Selachii are represented by the true 
sharks (and dogfish), and by the rays (Raia, Torpedo), wUch have 
become adapted to living on the sea bottom and have become 
flattened in consequence. Their pectoral fins have expanded and 
fused with the sides of the body. The gill-slits are on the under 
surface, the spiracle is above. One member of the rays, Pristis the 
saw-fish, has returned to an active mode of life. The angel-fish 
Rhina is intermediate in form between the sharks and the rays. 

Another group of cartilaginous fishes diverged in the Devonian 
and gave rise to the Holocephali, represented at the present day by 
Chimcera, 
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CHAPTER XXXVIII 


THE EVOLUTION OF THE AMPHIBIA: THE FIRST 
LAND CHORDATES 

That the amphibia arose from fish there is no doubt, and their 
ancestor must have been one of the primitive Osteichthyes, related 
to the stock which also gave rise to Osteolepis and Diptem. For 
purposes of comparison Osteolepis may be taken as approaching the 
structure of this ancestor. 

The resemblances between Osteolepis, on the one hand, and one 
of the earliest Stegocephalian amphibia such as Loxomma on the 
other, extend to the following features. In both, the skull is a com- 
plete bony box, the dermal bones of which can in most cases be 
identified with certainty because the amphibia also had lateral-line 
canals which occupied grooves in the bones. The bones of the palate 
are similar, and both had nostrils which lead through into the cavity 
of the mouth. The amphibian Eogyrinus had a shoulder girdle the 
dermal bones of which were attached to the post-temporal bone of 
the skull by the supra-cleithrum, as in the fish. Also, these early 
amphibia had no sacrum, for the ilium was not attached to the ribs. 
The walls of the teeth were folded, in the Labyrinthodont pattern. 
The amphibia are autostylic, as are the Dipnoi including Diptem. 
The amphibian Ichthyostega is the most primitive yet known, and, 
like Osteolepis, it has nostrils on the ventral side of the snout, and 
the lateral-line canals run in tubes in the bones. 

The ancestor of the Tetrapods must, however, have had pectoral 
and pelvic fins equally developed and similar in structure, and this 
condition has not yet been found in any Osteolepid (or other) fish. 
The really distinctive feature of all the Tetrapods is the possession 
of limbs ending in five digits, and it has already (see p. 272) been 
shown that the skeleton of the pectoral fin of the Osteolepid fish 
Sauripterus is such as to render it easy to suppose that the pentadactyl 
limb arose from a fin like that of the Osteolepids. Osteolepis is 
Devonian, and the earliest known amphibia are from the lower 
Carboniferous. It is fairly certain, therefore, that at some time in 
the Devonian fish living in the estuaries and fresh-water basins 
became subjected to the desiccation which characterised this period. 
They were able to breathe atmospheric oxygen by means of their 
nostrils and lungs, and as they floundered about in the mud, the 
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number of rows of radials in thdr fins became reduced to five, 
separate from one another instead of being united by the web of a 
fin. The persist^ce of the lateral-line canals shows that these animals 
still spent much of their time in the water, and their excursions on 
land probably took the form of wandering from pond to pond. In 
fact, the amphibia never succeeded in making themselves completely 
independent of water, and for three reasons. In the first place the 
eggs had to be laid in water, and the larval stages which breathed by 
gills required then, as they do now, a watery medium. Next, fertilisa- 
tion was external, and for the sperms to be able to find the eggs, 



Figure 176, A few examples of different types of Amphibia. (Not drawn 

to scale.) 

a, restoration of Stegocephalian ; 6, male newt in breeding season (Urodcle); 
c, Amblystoma (larval form or Axolotl showing the external gills); d, frog 
(Anuran); e, Ichthyophis (Gymnophiona). {e after Sarasin). 

there must be a liquid medium for them to swim in. Lastly, amphibia 
breathe largely through their skins, and these must be moist to 
enable the gaseous exchange to take place. 

The transition from water to air necessitated a development of 
the olfactory organs to greater sensitiveness, for the concentration 
of substances in water is very much greater than that which can be 
obtained in air. The result was an increase in development of the 
olfactory organs and of the corresponding centres in the forebrain. 
The latter development accompanied and perhaps assisted the 
formation of the cerebral hemispheres, which are regarded as 
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connected with an adaptation to the poor oxygen-content of the 
water in which the amphibia and their ancestors evolved. 

It appears, therefore, that the transition from aquatic to terrestrial 
life was accomplished without any very striking changes or modi* 
fication of organs, but it must be remembered that the function of 
these organs is controlled by the pattern of nerve-fibres in the central 
nervous system, and it becomes necessary to inquire whether the 
transition necessitated any great neurological rearrangement. Two 
aspects of the transition will be considered, regarding breathing and 
locomotion. In connexion with respiration, it will be remembered 
that the amphibia breathe by means of respiratory movements per- 
formed by the visceral muscles in the floor of the mouth, in a manner 
very similar to that of the fish. The only real difference is that whereas 
the fish take in water and pass it back and out through the gill-slits, 
the amphibia take in air and pass it back and into the lungs. The 
mechanism is the same, and it is obvious that the transition from 
water to air involved no functional rearrangement of importance 
as regards respiration. 

The same holds true with regard to locomotion. The amphibia 
were clumsy sluggish beasts with bodies disproportionately large in 
comparison with their limbs. As a consequence, the body was not 
supported by the limbs but its ventral surface dragged along the 
ground. The limbs stuck out at right angles to the body, and as the 
body performed the same undulatory movements by means of the 
myotomes as does a fish when swimming, the limbs were moved 
forwards and backwards. In other words, the limbs were used as 
oars to row the animal along on land, and the same muscles and 
nervous connexions came into play as in the aquatic ancestor. In 
the very earliest Amphibia, the sacrum was absent (e.g., Eogyrinus), 
In the others it was present, and by anchoring the pelvic girdle on 
to the vertebral column, it strengthened the hind limbs. 

One consequence must be mentioned of the possession of an 
autostylic method of suspension of the jaws, and of the abolition of 
branchial respiration and the closure of the visceral clefts, in par- 
ticular the spiracle. The hyomandibula being no longer required to 
suspend the quadrate from the auditory capsule, its function became 
converted into that of conveying vibrations from the skin covering 
the spiracular cleft to the auditory capsule. In this way the hyoman- 
dibula became the columella auris; the covering of the spiracular 
cleft became the tympanic membrane, and the cavity of the spiracular 
cleft became the middle-ear and Eustachian tube; all quite simply 
and without involving any great rearrangement. So the ear became 
an organ for the delicate appreciation of sound as well as balance. 

The early amphibia had a covering of dermal bones more or less 
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all over the body. The vertebral column of the earliest forms, or 
Embolomeri, is remarkable in that each vertebra possessed two 
centra. There was an anterior hypocentrum and a posterior pleuro- 
centrum. ITie later amphibia preserved the hypocentrum at the 
expense of the plcurocentrum, which disappeared. It will be seen that 
in the reptiles the opposite occurred. 

Collectively, the early amphibia are known as the Stegocephalia 
or Labyrinthodonts, the former term referring to the complete bony 
covering of the skull. They flourished in the Carboniferous, and 
persisted until the Triassic period, when they were extinguished by 
the competition of their more successful descendants the reptiles. 
The Carboniferous Embolomeran Miobatrachus may well have been 
ancestral to the Triassic Anuran Protobatrachus. Besides the Anura 
there are alive today only the Urodela and Gymnophiona as very 
specialised relicts of the amphibia. An important feature in the 
structure of the amphibia is the outgrowth from the gut to form a 
bladder. It is homologous with the allantois of the Amniotes. 

With regard to the living amphibia, it is most important to realise 
that they have departed far from the primitive type of their Stego- 
cephalian ancestors. This is shown by the great reduction in the 
bones of the skull and other parts of the skeleton. The Gymnophiona 
have evolved a worm-like burrowing habit; the frogs have become 
modified in connexion with the habit of leaping with the hind legs, 
and the newts have become secondarily readapted to living in water. 
Many of them (Cryptobranchus, Siren, Necturus) are neotenous, i.e., 
they do not undergo metamorphosis and they resemble larvae. In 
some points, the newts of today resemble living Dipnoi. It is of the 
utmost importance, however, to realise that these resemblances are 
due to parallel evolution and convergence, and not to genetic afiinity. 
It is only necessary to look at the list of specialised characters of 
Ceratodus to see that forms like it could not have given rise to the 
Tetrapods: they are cousins and not ancestors. Similarly, an exam- 
ination of the specialised characters of Triturus and a comparison 
between it and the Stegocephalia show that all the points in which 
Triturus resembles Ceratodus have been evolved within the amphibia, 
and a long time after the amphibia came on land. 
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CHAPTER XXXIX 


THE EVOLUTION OF THE REPTILES 

That the Reptiles were evolved from the amphibia there is no doubt 
whatever, and indeed, in some cases it is difficult to decide whether 
a fossil is an amphibian or a reptile. The most important cUstinctive 
reptilian features are that the centra of the vertebral column are 
formed from the pleurocentral elements while the hypocentrd 
elements are very much reduced, and the absence of grooves for 
lateral-line canals on the skull. This latter point shows that the 
reptiles had become definitely terrestrial. They emancipated them- 
selves from the water by overcoming the three obstacles which 
checked the amphibia; viz. the necessity of water for breathing, for 
copulating, and for the embryo to develop in. 

The first of these was countered by a better development of the 
lungs and the adoption of the method of expanding the thora^c 
cavity by means of the ribs, for replenishing their content of air. 
The skin was thus enabled to become dry and horny, and to be of 
greater efficiency in protection. 

The next difficulty was surmounted by the development of copula- 
tory organs with which the sperm can be inserted straight into the 
oviducts of the female, and fertilisation is interna). The sperm 
swims to the egg in the mucous fluid of the oviduct instead of in the 
pond water. 

The last obstacle was overcome by a group of adaptations. The 
egg is laid on land, and the albumen surrounding it is itself 
surrounded by a shell composed of lime salts secreted by the ovi- 
ducts. In this way the egg is protected from drying up, and froip 
becoming flattened and collapsed like a “poached egg , which it 
would otherwise be. The embryo becomes surrounded by upgro^hs 
of the blastoderm forming the amnion and enclosing the amniotic 
cavity. The embryo develops in the fluid contents of this cavity, 
which may thus be regarded as an artificial enclosed pond. The food 
requirements of the developing embryo are met as in lower forms 
by a store of yolk in the yolk-sac. This entailed no new modifications 
by itself, but as embryonic development takes a longer time, the 
quantity ofyolk in the egg is relatively greater and this nwessitated 
the modification of the process of gastrulation, and the formation 
of a primitive streak. There remained the difficulty of breathing, tor 
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although the gill-slits were developed they opened into the amniotic 
cavity, the oxygen-content of which could not be renewed. The 
problem was solved by the development of the allantois, representing 
the bladder of the amphibia. The allantois becomes applied to the 
inner surface of the porous shell, and as it is highly vascularised, 
the respiratory exchange takes place in it. At the same time, the 
allantois serves as a receptacle for the non-volatile excretory pro- 
ducts of the embryo during development. Because of these structural 
adaptations, the reptile does not pass through a metamorphosis, but 
hatches from the egg as a more or less perfect miniature replica of 
the adult. 

In the reptiles, the head is capable of extensive independent move- 
ment, and a definite neck is formed. In this connexion, the two first 
vertebras become modified into the atlas and the axis. 

One of the most interesting forms is Seymouria (Permian), and 
it is remarkable for the fact that its characteristics are not inter- 
mediate between those of amphibia and of reptiles, but some of its 
characters are frankly amphibian and others reptilian. Seymouria 
is therefore a mosaic transitional form. It is probable that the tran- 
sition from amphibia to reptiles took place in the Carboniferous. 

Pareiasaurus belongs to the group of Reptiles known as Cotylo- 
saurs, and they preserve the complete covering of dermal bones over 
the skull which they inherited from their Stegoccphalian amphibian 
ancestors. The nature of the skull is of importance in tracing out the 
lines of evolution of the reptiles, and those forms in which the roof 
is complete and imperforate are often grouped together as the 
Anapsida. 

The Chclonia are often classified among the Anapsida because 
their skull-roof is not fenestrated, although it may be reduced by 
emargination ; i.e., bones may be lost round the edge but there is no 
separation of bones by a perforation forming a fossa. The Permian 
fossil Eimotosaurus which had osteoscutes and expanded ribs appears 
to be intermediate between Cotylosauria and Chelonia. The Chelonia 
preserve the osteoscutes (which covered the body of the Stego- 
cephalia) and they contribute to the formation of the carapace which 
is so distinctive a feature of the Chelonia. The Triassic Triassochelys 
still had teeth and a cleithrum; these structures are absent from 
existing forms. The clavicular pectoral girdle of existing Chelonia, 
consisting of clavicles and interclavicle, is associated with the ventral 
covering of osteoscutes that form the plastron. The scapular pectoral 
girdle consists of a coracoid and a scapula bearing a large process 
as big as itself, directed forwards and inwards. This girdle and the 
pelvic girdle are remarkable in that they are situated within the ribs 
instead of outside them as in normal forms. It is interesting to note 
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that some Chelonia have become secondarily adapted to life in 
water, and their, limbs have been modified into paddles or flippers, 
as in the turtles. 

The osteoscutes of the carapace are covered by corneoscutes 
(“tortoise-shell’") except in SphargU^ the “leathery turtle”, which 
form is further interesting in that the carapace attached to the 
expanded ribs as in other Cheloma is not present. Instead there is 
a bony shell formed of a great many little polygonal osteoscutes 
bearing no relation to the ribs. 

The 5th metatarsal is hook-shaped in the Chelonia, but normal in 
the other Anapsida (Cotylosauria). 

The next group of reptiles to consider is the Synapsida. They are 
characterised by the fact that the skull-roof is perforated by one 
inferior temporal vacuity or fossa, on each side, and the Sth meta- 
tarsal is normal. Here belong the Plesiosaurs and Theromorphs. 

The Theromorphs are a very important group. They appear in the 
Permian, and preserve many primitive characters. They may have a 
precoracoid as well as a coracoid in the shoulder girdle, and some 
even retain the cleithrum. The most highly developed forms are the 
Theriodonts, which are the ancestors of the mammals, and they fore- 
shadow the characters of the latter in many respects. The skull had 
two occipital condyles, a false palate was present, and the teeth were 
modified into incisors, canines, premolars and molars. The dentary 
was large and beginning to take on the articulation with the squa- 
mosal, while the quadrate became small and loose. In the pelvic 
girdle the ilium showed the mammalian character of pointing for- 
wards, and the limbs were long and supported the body clean off 
the ground. A typical Theriodont is Cynognathus, but it is probable 
that several of its characters were evolved parallel with the mammals, 
having been derived from a more primitive ancestor common to it 
and to the mammals. 

Among Synaptosauria, the Sauropterygia or Plesiosaurs have 
become secondarily adapted to an aquatic mode of life. They pre- 
serve primitive features such as the gastralia, which are remnants of 
the ventral dermal bones or osteoscutes of the Stegocephalian 
amphibia, but their limbs become modified into paddles. This 
modification has not proceeded as far in the Triassic Nothosaurus as 
in the luidissic Plesiosaurus, The Plesiosaurs reached lengths of 50 feet. 

In the next group or Parapsida, the roof of the skull was perforated 
by a single superior temporal vacuity, above the post-orbital and 
squamosal bones. The hind border of the vacuity is formed by a 
bone concerning the homology of which doubt remains (see p. 86), 
but which may be the supratemporal. Here belong the Ichthyosaurs 
and the Squamata (Lacertilia and Ophidia). 
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The Ichthyosauis are primitive in retaining the gastralia, and a 
foramen for the pineal eye between the paiietals, but otherwise 
they are specialised in adaptation to an aquatic mode of life. Median 
dorsal and tail-fins are developed, and the limbs become modified 
into paddles, so much so that it is impossible to determine the nature 
of the Sth metatarsal. A series of progressive modification can be 
traced from the Triassic Mixosaurus, through the Jurassic Ichthyo- 
saurus to the Cretaceous Oj^lhalmosaurus. They reached lengths of 
30 feet. 

All the Squamata which possess limbs have a hook-shaped Sth 
metatarsal. The first group of these are the Lacertilia, first appearing 
in the Jurassic, and represented now by the lizards, geckos, and 
chamaeleons. In the Cretaceous, a group of Lacertilia became 
adapted to an aquatic life — the Mosasauria. They reached a length 
of as much as 40 feet, and their limbs became modified into paddles. 
The second group of the Squamata are the Ophidia or snakes. It is 
characteristic of the Squamata that the quadrate is loose, and in the 
Ophidia the two halves of the lower jaw are separate, which enables 
relatively enormous mouthfuls to be swallowed. 

The remaining reptiles form the group Diapsida, for their skull 
roof is perforated by two temporal foss® or vacuities on each side. 
So far as is known, all of them have a hook-shaped Sth metatarsal. 
Here belong the Rhynchocephalia, the Crocodilia, the Dinosaurs 
and the Pterosaurs, and the Diapsida also contained the ancestors 


of the birds. 

The Rhynchocephalia appear in the Triassic with Rhynchosmrus, 
and are represented today by Sphenodon. They arc primitive in 
retaining the gastralia. The Triassic Thalattosaurs, which had paddle- 
like limbs, were probably related to the Rhynchocephalia. 

The Crocodih’a form a large group of generalised reptiles, possibly 
dating back to the Permian. The Triassic Pseudosuchia, of which 
Euparkeria is an example, are regarded as related to the ancestors 
of the Rhynchocephalia, the Dinosaurs and Pterosaurs, the existing 
crocodiles and the birds. The living crocodiles and alligators retain 
the gastralia, and other dermal ossifications. Mention may be made 
of the Jurassic Thalattosuchia, yet another group of rcpti cs which 
became secondarily adapted to aquatic life with paddle-like limbs. 

The Dinosaurs were the dominant animals in the 
Cretaceous. The skull had two temporal vacuities on each side, ano 
in addition a prelachrymal vacuity. Some were 
herbivorous, such as Diplodocus (Jurassic), reaching t c im • 
length of 90 feet. Others were carnivorous with formidable teem, 
andtiie hind limbs larger than the fore limbs, so that ‘hey were 
probably bipedal. An example of such a form is Tyrannosaurm, 
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Cretaceous, reaching almost 50 feet in length. The foregoing types of 
Dinosaurs had a pelvis of normal shape, and are grouped together 
under the term “Sauiischia*’. The remainder, Predentata (or 
Ornithischia), have an additional post-pubis which stretches back 
beneath the ischium, and a predentary bone in the lower jaw. The 
Predentata include the herbivorous bipedal Iguanodon from the 
Cretaceous, over 30 feet long; the absurd-looking Stegosaurus with 
its armour of large bony plates (Jurassic, 20 feet long); and the 
horned Triceratops (Cretaceous, 25 feet long). 

The Pterosaurs were closely allied to the Dinosaurs, and like them 
had a pair of temporal vacuities and a prelachrymal vacuity on each 
side. They also preserved gastralia, and while some had teeth others 
were toothless. The fore limbs were modified for flying, by means of 
a web of skin stretched from the greatly elongated fourth finger. The 
Cretaceous Pteranodon had an expanse of wings measuring 25 feet. 

Of all this enormous wealth of reptilian life which dominated the 
land, water, and air, in the Jurassic and Cretaceous periods, only 
the Squamata, the Chelonia, the Crocodilia, and the Rhyncho- 
cephalia have survived, and in very reduced numbers. The rest went 
extinct before the Eocene. It may be that a reduction of temperature 
put an end to them, or that the food supply became deficient. Certain 
it is that their brains were ridiculously small, and they can have been 
no match for the small and agile mammals in intelligence. 

Two main points for consideration arise out of a study of the 
reptiles. The first concerns the structure of the 5th metatarsal bone. 
In the Cotylosaurs it was of a normal shape, as also in the Synapsida. 
Now, the Synapsida arc to be regarded as having been derived from 
the Cotylosaurs, and one group of them, the Theromorphs, gave 
rise to the mammals. The line of mammalian descent is therefore 
characterised by the possession of a normal-shaped straight 5th 
metatarsal. On the other hand, the other reptiles such as the Chelonia, 
together with the Squamata, and all the Diapsida have a hook- 
shaped 5th metatarsal. The birds were derived from a Diapsid stock, 
and so it may be said, therefore, that the line of avine descent is 
characterised by the possession of a hook-shaped 5th metatarsal. 
Actually what this modification means or what function it serves is 
unknown, but it is to be noticed that among the animals possessing 
it are forms which live on land, in the water, and in the air, so that 
it would seem not to have an adaptive significance, nor to be capable 
of modification by different modes of life. It looks, therefore, as if it 
could be used as a diagnostic feature inherited from a common 
ancestor by all the forms possessing it. This common ancestor was 
probably a late Anapsidan, and the importance of this matter is 
that from this point onwards the reptiles were divided into two main 
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and divergent branches. One branch which may be called the 
Sauropsidan includes the Chelonia, the Parapsida, the Diapsida, and 
the birds. The other or Theropsidan branch includes the Synapsida 
perhaps (the Synaptosauria), and the mammals. As a result of these 
considerations, it appears that the term “Reptilia” is applied not so 
much to a unified group of related animtds as to two divergent 
stocks. It therefore refers to a grade of structme and degree of 
evolution ; and when the knowledge of fossil forms is more complete, 
it will be possible to abolish the class “Reptilia”, or to restrict it to 
the primitive Anapsida, and to substitute the classes “Sauropsida” 
and “Theropsida”, containing the birds and mammals respectively. 

That these conclusions are sound is shown by a consideration of 
the aortic arches. It is to be noticed that all the living reptiles belong 
to the Sauropsidan branch, and in all of them the systemic aorta is 
split into two right down to the ventricle of the heart. The result is 
that there are right and left systemic arches springing respectively 
from the left and right sides of the ventricle. The condition of the 
bird fits into this scheme, for it differs from the arrangement in the 
crocodile only by the loss of the left arch. Now, in the mammal, the 
systemic aorta is single and undivided. The point is that it is impos- 
sible to derive the Sauropsidan type of aorta from the mammalian, 
or vice versa, and it is necessary to go back to a primitive type like 
that of the amphibia where the aorta is not only undivided but the 
pulmonary arch has not yet become separated off. The primitive 
Cotylosaurs may have been of this type. It is certain that the Synap- 
sida must have resembled the mammal (for the latter was derived 
from the former), and therefore differed from the Sauropsida as 
regards the structure of the aortic arches. This is the same divergence 
which appeared from a consideration of the hook-shaped 5ili 
metatarsal. 
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CHAPTER XL 


THE EVOLUTION OF THE BIRDS 

The birds present so many similarities to the reptiles that they have > 
been classified together with them in the group Sauropsida. The 
resemblances extend to the following features. The heart and arteries 
of the bird are the same as those of the crocodile with the exception 
of the left systemic arch, which in birds is abolished. The perivisceral 
coelomic cavity of birds is divided up into pulmo-hepatic recesses 
and pleural cavities, by means of the pulmo>hepatic ligaments and 
oblique septa; this arrangement is also present in the crocodile. The 
lung of birds gives rise to a number of diverticula or air-sacs which 
ramify about inside the body; small air-sacs are formed by the lung 
of the chamsleon. With regard to the nervous system, the brain of 
birds is an elaboration of the grade of structure shown by the brain 
of crocodiles, and its distinctive feature is that the corpus striatum 
has been especially developed while the cerebral cortex remains 
small and thin. The cerebellum of birds presents many resemblances 
to that of the Pterosaurs, which can be explained as due to the action 
of similar modes of life working on related materials. The early 
stages of development, amnion and allantois, are very similar. 
Coming to the skeleton, the single occipital condyle, the interorbital 
septum, the limb girdles, the hollow nature of several of the bones 
and the mesotarsal articulation of the feet, are all characters which 
appear in some or most of the reptiles of the Sauropsidan branch. 
In addition, the Jurassic fossil Archaopteryx had gastralia, a pre- 
lachrymal and remnants of two temporal vacuities, a long tail with 
several separate caudal vertebrae, and a lower jaw perforated by a 
foramen as in crocodiles. It is possible that Archaopteryx had 
cartilaginous uncinate processes on its ribs. 

Nothing can be regarded as more certain than that the birds were 
evolved from reptiles of the Sauropsidan branch, and the only point 
left to consider in this connexion is, which. 

Birds share with; 

^ Crocodiles: the structure of the heart and arteries, the arrange- 
ment of the coelom, the large corpus striatum, the foramen in 
the mandible (of Archaopteryx)', and according to the precipi- 
tation blood-tests a high degree of blood-relationship; 
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CHAPTER XLl 

THE EVOLUTION OF THE MAMMALIA 

In coDsidering the evolution of the mammsls it is necess&ry to 
revert to the Theromorph reptiles, in the more highly developed 
members of which, such as Cynognathus or TrUylodon, it was found 
that the following characters were present. The skull had two 
occipital condyles, a false palate, heterodont teeth in sockets with 
the mammalian method of replacement. The dentary was large, the 
remaining membrane-bones of the lower jaw were small, and the jaw 
articulation was beginning to be taken on by means of the squamosal; 
the quadrate was loose and small. The limb girdles were of the 
mammalian type, and the limbs were long and supported the body 
clean oif the ground. These characters point unmistakably to the 
fact that the mammals were derived from ancestors which were 
Theromorph reptiles. 

The dominant factor in mammalian evolution appears to have been 
the development of the brain along the lines of increase in size of the 
roof of the cerebral hemispheres, and the formation of a special area 
of cerebral cortex called neopallium, which was no longer under the 
domina!nce of the fibres coming from the olfactory centres. The 
neopallium became an organ for the retention of past sensations and 
for the delicate co-ordination of the activities of the body of the 
animal, which thus became capable of more efficient response to 
external sets of circumstances, and capable of profiting by experi- 
ence. It enabled the animal to improve the speed and precision of its 
method of locomotion with the help of the long and delicately 
formed limbs; and the fact that the skin lost its hard horny scales 
and became supple and covered with hairs enabled it to increase its 
sensitiveness. The hair covering, furthermore, was a non-conductor 
of heat, and this fact together with the greater activity of the animal 
and more intense metabolism enabled the mammals to become 
warm-blooded. Later on, with the development of the sweat-glands 
in the skin, the mammals were able to regulate their loss of heat, and 
so become constant-temperatured or homothermous. The modi- 
fication of some of the skin-glands into mammary glands made it 
possible for the young mammals to pass through a protected period 
of infancy during which the finishing touches to their development 
were put on, and they became apprenticed under the care of the 
family to the conditions of their adult life. 
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The transition from Theromorph reptiles to mammals probably 
took place in the Permian period, for in the Triassic, fossils are found 
which show an advance in grade of structure. Of these, the Multi- 
tuberculata are a group which persisted until the Eocene. They 
advanced in general evolution and grade of structure as far as the 
Marsupials. The pelvis was narrow as in the reptiles, and the lower 
jaw, which contained a single bone, had inflected angles. The single 
bone (dentary) in the lower jaw is a characteristic mammalian feature. 
The Multituberculata were, however, specialised, and possessed 
molar teeth with a large number of cusps. They are probably a 
divergent line which evolved parallel with but independently from 
the remaining mammals. 

At this stage it must be imagined that the primitive mammals had 
seven cervical vertebrae as a constant number, and that they had 
evolved the characters enumerated above, together with the dia- 
phragm and the non-nucleated red blood-corpuscles. The epiptery- 
goid had been converted into the alisphenoid, and the quadrate 
(incus) and articular (malleus) into auditory ossicles. They retained, 
however, the reptilian characters of the presence of the coracoid, 
precoracoid, and interclavicle, the cloaca and the habit of laying 
eggs. They had not yet evolved the viviparous habit or the formation 
of a placenta, epiphyses were not yet well couJ*' bones, 
the mammary ^ands were unprovided with Jg many resem'^^^ halves 
of the neopallium were not connected by^ g"* ns verse 

commissure: the corpus callosum. materials Th 

The Monotremes must have diverged fro- stem at this 

point, and they are represented today by Ornithorhynchus and 
Echidna, to which the description just given fits well. They are 
inhabitants of the Australasian region. 

The remaining mammals were the ancestors of the Marsupials 
and of the Placentals. These two groups are fairly closely allied, and 
have the following characters in common : the mammary glands have 
teats, they are viviparous, a placenta of some kind is present, the ear 
has an external pinna, the bones mostly have epiphyses; the cora- 
coids, interclavicle, and cloaca have been lost. 

It is clear from the reduction of the milk-dentition and of the 
allantoic placenta (which is only preserved in Perameles) in Marsu- 
pials, that they are derived from a stock with two sets of teeth and 
with a well-formed allantoic placenta. On the other hand, some 
primitive Placentals show evidence of descent from forms with 
marsupioid characters, such as alleged traces of a marsupial pouch, 
of coracoids, and other features. The conclusion to be drawn is that 
Marsupials and Placentals had a common ancestor perhaps in the 
Jurassic. Now, in the Jurassic the fossil Trituberculata are found. 
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Figure 179. A few examples showing the radiation of the mammals. (Not drawn to scale.) 

< 7 , Ormthcrhvnchus iMonotreme); b, kangaroo (Marsupial); e, aimadillo (Edentate); d, restoration of primi^ 
Cond\larth; e. camel (Artiodact>l UnguJaie): /, hippopotamus (Artiodactyl Ungulate); g, rhinoceros (Penssodaj^l 
Ungulate) : A, restoration of Titam>tkerium\ /, restoration of Uintatherium (Amblypoda); A bat (Cheiroptera); Jkhi 
(C amivord); /, dolphin (Cetacea); m, seal (Carnivora pinnipedia); n, Sirenian; o, Tarsius (Primate). 
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and they are regarded as related to the Marsupials by some, and to 
the Insectivotes (Placcntals) by others. The number of teeth was 
large. The Tiitubcrculata which derive their name from the pattern 
of the cusps on the molars were probably related to the common 
ancestors of Marsupials and Placentals. It is a significant fact that 
the arrangement of the cusps on the molar teeth in several primitive 
groups of mammals is of this type, regardless of the diet for which 
the teeth of the higher members of ihtst groups are modified. Molars 
with separate cusps like this are called bunodont. 

In the Eocene period, the Marsupials had a wide distribution over 
the earth, but at the present day they are restricted to the Australian 
and southern and central American regions. These regions are 
characterised by their isolation and the comparative absence of 
mammals of the Placental type. If it had not been for the latter fact, 
there is little doubt that the Marsupials would have become extinct, 
for they cannot compete with the Placentals. Instead, in the security 
of their isolation, they radiated out into a number of types which are 
especially interesting in that they have evolved parallel with several 
groups of Placentals, and by becoming adapted to equivalent bio- 
logical environments have developed a convergent resemblance to 
these Placentals. Nearly all Marsupials have a marsupial pouch in 
the female and epipubic bones in both sexes. 

The opossum (Didelphys) and Ccenolestes are American; all the 
remainder are restricted to Australasia, though fossils related to 
these are also found in South America. Dasyums is the Marsupial 
equivalent of the cats, while the dogs are represented by Thylacinus; 
Perameles (the bandicoot) is an attempt at a rabbit, Petaurus (the 
phalanger) resembles the flying squirrels, while Notoryctes is a 
remarkable imitation of the mole. Phascolarctos (the koala) is the 
‘‘marsupial bear”, Phascolomys (the wombat) is the “marsupial 
rodent”, the extinct Thylacoleo was the “marsupial lion”, while 
Macropus (the kangaroo) represents the swift-moving Ungulates. 

The Cretaceous strata of Mongolia have revealed fossils of ap- 
parently Placental mammals, of which Deltatheridium is an example, 
and which can be regarded as intermediate between the Jurassic 
Trituberculata and the true Placentals of the Eocene. 

The Placentals are characterised by the possession of an allantoic 
placenta, a corpus callosum joining the two halves of the neopalUum, 
and a typical dental formula of if, c|, pf , mf . This number of teeth 
is, however, often modified and reduced. 

At the beginning of the Eocene period there appeared a group of 
true Placentals which were primitive in that they were of small size, 
with tritubercular short-crowned molars, five fingers and toes, and 
walking on the fiat of the hand and foot. Among them can be 
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recognised some with a tendency to modification of the teeth for a 

carmvorous diet the Creodonta; others for a herbivorous diet 

the Condylarthra. Others again were generalised Insect! vora* Very 
early, a branch diverged from the Condylarthran stock and gave 
rise to the Amblypoda, large, clumsy, premature rhinoceros-like 
forms such as Vintatheritm, and which soon went extinct. 

In the later Eocene divergent evolution has progressed, and it is 
very interesting to notice that a number of the Orders of Mammals 
have become differentiated, and that these are not yet split up into 
the various families. The Creodonta had given rise to the Carnivora, 
which branched out into the Pinnipedia or seals, and Fissipedia or 
dogs, cats, bears, civets, and badgers. The Rodentia came off from 
near the primitive Insectivora, as did also the Primates (Lemuroids 
and Tarsioids) and the Edentates. The Perissodactyla or odd-toed 
Ungulates emerged from a stock intermediate between Condylarthra 
and Insectivora, and blossomed out into the huge Titanotheres 
which soon went extinct, the horses, tapirs, and rhinoceroses. The 
even-toed Ungulates or Artiodactyla emerged from some form 
between the Creodonta and the Insectivora, and, apart from a 
number of short-lived groups, radiated out into the pigs and 
hippopotamuses on the one hand, and the camels, antelopes, deer, 
cattle, and giraffes on the other. Related to the Ungulates arc the 
conies (Hyracoidea) and the elephants (Proboscidea). The whales 
(Cetacea) may perhaps have arisen from a slock related to the 
Artiodactyla, and the Sirenia may have a common descent with the 
Proboscidea. South America became inhabited by a peculiar collec- 
tion of archaic forms which were all doomed to extinction, but of 
which some such as the Thoatheria had evolved into a very remark- 
able imitation of the horses. The Edentata include armadillocs, sloths, 
and ant-eaters. The Cheiroptera or bats are related to the Insectivora, 
while the Dermoptera have affinities with the Insectivora and 
Primates. 

In some cases sufficient fossil forms are known from successive 
strata to enable lines of descent to be traced with considerable pre- 
cision. This applies especially to the horses, the camels, and the ele- 
phants. The evolution of the horses from Eohippus (Eocene) through 
Mesohippus (Oligocene), Miohippus (Miocene), PHohippus (Pliocene) 
to Equus, was accompanied by a progressive increase in size, length- 
ening of the teeth which become “rootless”, development of ridges 
on the molars, fusion of ulna with radius and tibia with fibula, 
specialisation of the wrist and ankle joints into articulations allowing 
movement in only one plane, enlargement of the 3rd digit in hands 
and feet, and reduction of all the other digits until their disappear- 
ance. 
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The evolution of the camels from the Eocene Protylopus through 
Poebrotherium (Oligocene), Procamelus (Miocene) to the present 
day is likewise a history of gradual increase in size, increase in length 
of the teeth and development of selenodont ridges on the molars, 
reduction of the upper incisors, enlargement of the 3rd and 4th 
digits in hands and feet with suppression of the remainder, and 
fusion of the 3rd and 4th metacarpals and metatarsals. 

So far as is known the history of the elephants starts with the 
Eocene Moeritherium, of about the size of a pig, and with the 
primitive dental formula of if, c^, pf, m§. Its ridged (lophodont) 
molars had only two ridges. In the upper Eocene, Palaomastodon 
was larger, and had a not inconsiderable trunk. The canines and all 
the incisors except one pair in each jaw had disappeared, and the 
molars had three ridges. Tetrabelodon from the Pliocene was still 
larger and its incisors were elongated into tusks with persistent 
pulps. The molars had as many as six ridges and were so large that 
there was not room in the jaws for more than two teeth in each jaw 
on each side. Furthermore, instead of being replaced from beneath 
as in ordinary mammals, they were replaced from behind, the new 
tooth pushing the old one out forwards in front of it. It is worth 
noticing that although these animals grew large and tall their necks 
were very short, and it was only by means of the long trunk that they 
were able to reach down to the ground for eating and drinking. 
The next step, shown by the Pliocene Mastodon, was accomplished 
by a shortening of the lower jaw and the loss of the lower incisor- 
tusks. Lastly in Elephas the grooves between the ridges on the 
molars become filled with cement. The ridges may be a dozen in 
number, and the maximum number of molars on each side in each 
jaw in use at one time is one and a half. 
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CHAPTER XLIl 


THE EVOLUTION OF THE PRIMATES AND' MAN 

The Primates originated from a stock related to the Inscctivora 
probably in Cretaceous times. Pksiadapis, from the Early Eocene, 
had characters in common with the Insectivora and the Lemurs, 
which are the lowest Primates. The characteristic of the higher 
Primates is that the bony bar separating the orbit from the temporal 
fossa is complete; or in other words, the eye-socket is round and 
protected all round by bone. At the same time, both eyes look more 
or less forwards so that their fields of vision overlap and may 
coincide (stereoscopic vision). There are five fingers and toes, and 
the first digits are opposable to the others, except in the case of the 
first toe of man. This opposability makes the limbs efficient grasping 
organs, and is evidence for the fact that the early Primates lived on 
the branches of trees. It will be seen in the sequel that this arboreal 
habit had consequences of the highest importance in the evolution 
of the Primates. Lastly, the most important character of all in the 
Primates is the great development of the neopallium in the cerebral 
hemispheres. 

In the Eocene the fossil Notliarctus is found, representing the 
earliest member of the group of the Lemuroidea. It was very 
generalised, for whereas the primitive dental formula in mammals 
is if, c|, pi, mf, that of Notharctus was i|-, c), p|, mj. From forms 
of this type the Lemurs must have descended. The Lemurs alive today 
are nearly restricted to Madagascar, though a few occur in Africa, 
Ceylon and Malaya. They arc fairly primitive animals, but show 
certain specialisations which rule them out from the main line of 
Primate evolution. Among these ma> be mentioned the peculiar 
procumbency of the incisors of the lower jaw, with which they 
comb their fur. 

The tail of a Lemur is long but not prehensile, and its skull may 
be recognised by the fact that the cavity of the orbit can still com- 
municate with that of the temporal fossa beneath the post-orbital bar. 

Another Eocene fossil allied to Notharctus is Teinnius, the earliest 
representative of the group Tarsioidea. Tetonlus had an enlarged 
rounded brain-case and a small face. Its brain must have been 
relatively larger than in any other known Eocene animal. It also 
was not on the direct line of descent owing to specialisations such 
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as the loss of the lower incisors, but a close relative of it must have 
been the ancestor of Tarsius, which lives at the present day. In Tarsim 
the post-orbital bar is splayed out and almost but not quite prevents 
communication between the orbit and the temporal fossa. It shows 
important advances in the structure of the brain, and of the external 
ear. In the fact that it has a discoidal placenta with a thickened 




B, Australopithecus, for comparison with A, chimpanzee. (From Lc Gros 

Clark.) 


trophoblast hollowed out into lacunae filled with maternal blood, 
and in the fact that the mesoderm api^ars very early in the develop- 
ment of the embryo, Tarsius resemble/the higher Primates and Man, 
and differs from the Lemuroidea. 

In the true monkeys, apes and man, or Anthropoidea, the orbit 
is completely shut off from the temporal fossa. From some Tarsioid 
ancestor with affinities to Notharctus there diverged a branch which 
gave rise to the New World monkeys. These forms which are 
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included in the group Platyrrhinae have a broad internasal septum 
with the nostrils wide apart, and a tail which is usually prehensile. 
They show a considerable advance in the structure of the brain, and 
in the fact that their dental formula is reduced to if, cf , pf , mf . At 



Figure 179^^. 

A, Pithecanthropus ; B, Neanderthal man (From A. S. Romer.) 

the same time they are definitely olf the main line of Primate evolu- 
tion because of the structure of the tympanic bone which forms a ring. 

The Old World monkeys and apes form the group Catarrhin®, 
in which the internasal septum is narrow, the tympanic bone 
forms a tubxilar external ear, the tail when preset is never 
prehensile, and the dental formula is reduced to if, Ci, Pf* 

The Catarrhinae must have emerged in the Eocene penod from 
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Tarsioid ancestors related to those which gave rise to the Platyrrhinse. 
In the Oligocene, Parapithecus is found, and from forms related to 
it the ordinary monkeys or Cercopithecid® must have been derived. 
These forms are again ruled out from the main line of Primate 
evolution by specialisations such as the development of two trans- 
verse ridges on the molars. At the same time, the Cercopithecid®, 
which include the baboons and mandrills, show a great development 



Figure 180. Skull of Skhul man (Mount Carmel). (From T. D. McCown 
and Sir Arthur Keith.) 


of the brain, which must have undergone an evolution parallel to 
that which went on in the slock leading to the apes and man. 

The main stem of the Primates leading to the anthropoid apes 
and perhaps to man was represented in the Oligocene by the little 
Propliopiihecus. The fact that it was small is important, for so many 
divergent branches became specialised in the direction of large size, 
and in the search for the ancestors of the apes and man, choice is 
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limited to forms considerably smaller than those to which they 
might have given rise. The anthropoid apes have lost the taih they 
show a tendency to walk erect, the mechanism of pronation and 
supination of the hand is perfected, and the brain is greatly enlarged 
and developed. 

A generalised form of ape, the Miocene Dryopithecus^ may have 
been ancestral to the modern anthropoid apes. A possible descendant 
of PropUopithecus was the Pliocene form Pliopithecus, which itself 
was an ancestor of the gibbon (Hylobates), the smallest of the apes. 


1 ' 


m 




Fieure 181. Skull of Rhodesian man, drawn by T. L. Poullon. (From 

Elliol Smith.) 

Other lines of descent from forms like PropUopithecus led to the 
Orang, and to the Gorilla, while the Miocene Proconsul may have 
been on the line of descent of the Chimpanzee. The apes, while 
having highly developed brains and retaining the power to oppose 
the first toe to the others, have not got brains large enough to enable 
them to do otherwise than remain brutes, relying on their strengtli 
and their long canines instead of on memory, skill, and the neo- 
pallium. There are some characters posse.ssed by adult 
which are present in the young but lost in the adult apes. An exa P 
of these is the absence of large brow-ridges in young apes and mm 
In general, however, the degree of specialisation shown by the apes 
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makes it probable that the Homiooidea were derived from some 
pre*anthropoid stock of Primates. 

The fossil record of the Hominoidea is not yet by any means as 
complete as could be desired, but there is already sufficient evidence 
to enable an outline to be given of the more important changes and 
modifications which accompanied the evolution of modern man: 
Homo sapiens. 

The Hominoidea include all the members of the human family 
and it must be noted that they differ from other Primates not so 
much in matters of kind as in matters of degree. Essentially, the 
evolution of the Hominoidea is a story of enlargement of the 
brain, reduction of the nose, face, teeth and jaws, perfection of the 
erect position, and loss of opposability of the large toe. 

The nearest approach to the human condition without achieving 
it is the early Pleistocene Australopithecus, from South Africa. 
Australopithecines show some similarity to certain gross features of 
the Gorilla and Chimpanzee, but its brain is slightly larger and its 
face smaller, its teeth and jaws show unmistakably human character- 
istics, and, most surprising of all, its pelvis and femur prove that it 
stood erect. Australopithecus is known from the specimen of a young 
individual which lacked brow-ridges. Related adult forms of 
Australopithecinse are Paranthropus and Plesianthropus. 

The earliest known member of the Hominidae is Pithecanthropus 
from Java and Peking. This form had a much enlarged brain with 
a cubic capacity ranging from 850 to 1,300 c.c., while the maximum 
volume of an ape’s brain is 650 c.c. Pithecanthropus was acquainted 
with the use of fire and made rough quartz implements. From the 
structure of its femur, it walked quite erect. In some respects it 
preserves primitive features such as the continuity between the 
occipital and temporal crests on the skull, and many features in the 
conformation of the brain, but in others it is specialised, as in the 
development of the large brow-ridges. 

Pithecanthropus was Lower Pleistocene, and in Europe this type 
was represented by the Heidelberg jaw, and in North Africa by the 
slightly later jaws from Ternifine. They are massive and show com- 
plete lack of any chin eminence although the teeth are fundamentally 
human in character. 

The next human fossils to appear, in the Middle Pleistocene, are 
the Swanscombe and Steinheim skulls, which show an interesting 
mixture of characters. Some of these characters are reminiscent of 
Pithecanthropus. Others, such as the brow-ridges, resemble the 
Neanderthal type to be described below. Others again, such as the 
occipital region, herald the appearance of Homo sapiens. 

In the Upper Pleistocene, the Skuhl skull from Mount Carmel 
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shows a similar mosaic of characters. The Pithecanthropus traits have 
become reduced, while those of Homo sapiens have increased. The 
forehead approaches a more vertical condition although the brow- 
ridges are still present; and in the lower jaw there is the rudiment 
of a chin eminence although the jaws are still prognathous. 

During the Upper Pleistocene, there appears to have been an 
increasing divergence between the types which have led to Homo 
sapiens and Homo neanderthalensis. In the sapiens type, represented 
by Cro-magnon man, the brain, with an average volume of 1,350 c.c., 
often exceeded, has achieved maximum development, so much so 
that its front wall has been pushed forwards to form a more or less 
vertical forehead. This vertical wall of bone provides the necessary 
resistance for the reduced lower jaw to bite against. In the apes, 
Pithecanthropus, and Neanderthal man, where the lower jaw is large 
and there is no forehead, the strain of the bite is taken up in the large 
brow-ridges which are developed in the adult. These brow-ridges 
are not a primitive feature at all, but were independently acquired 
as an adaptation in certain groups. Their presence rules their 
possessors out from modern man’s ancestry. 

The face in Homo sapiens is relatively smaller than in any mammal, 
the lower jaw is slender and provided with a prominent chin, and 
the canine teeth are small. The hip-girdle is short and wide, and the 
vertebral column and legs enable modern man to stand bolt 
upright. 

Specimens of Homo neanderthalensis have been found from a 
number of localities in Europe, from Gibraltar to Palestine. In 
addition to the bones themselves, there is considerable evidence 
concerning these men from the weapons and tools which they 
fashioned from flint, and which consequently have been preserved. 
An indication of the degree of mental development of these people 
is obtained from the fact that some of the individuals which have 
been discovered appear to have been intentionally buried. The brain 
is big, about 1,350 c.c. on an average. At the same time, the brow- 
ridges were large, as were also the face, palate, and jaws. There was 
no chin, and the lower jaw preserves the large attachments for the 
digastric muscles. The vertebrae and the legs show that the Neander- 
thal man did not stand straight up, but stooped considerably. The 
hip-girdle was long, and the foot rested mostly on its outer 
as in young children and certain savage races today. While lacking 
the capacity to be opposed to the other toes, the large toe was con- 
siderably separate from the remainder. The Neanderthal race has 
gone extinct, doubtless because of its specialisations, and the in- 
sufficient development of the brain which handicapped it in the 
competition with Homo sapiens. 
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Compared with Homo sapiens^ Neanderthal man is in many 
respects retrogressive, and there is reason to believe that later 
types of Neanderthal man show these specialised features even more 
markedly than earlier types. An extreme example of this evolution, 
which resulted in certain types of men presenting a spurious resem- 
blance to the larger apes, is found in the skull from Broken Hill in 



Figure 182. The skeletons of Neanderthal man and of modem man 
compared. (From Boule.) 

Rhodesia. Here the brow-ridges were enormous and there was no 
forehead at all, although the brain-volume was about 1,250 c.c. 

An interesting feature about the early Hominoidea is that the 
young skulls of Australopithecus, Pithecanthropus, and Homo 
neanderthalensis are free from many of the specialisations which 
disqualify the adults of these types from occupying places on the 
direct line of ancestry of Homo sapiens. In this respect, therefore, the 
evolution of sapiens may be said to have been characterised by a 
retention of many juvenile features in the adult, by retardation of 
development, particularly of the teeth, jaws, and sutures of the skull. 
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Attention may now be turned to some morphological features 
presented by the series of types of the Hominoidea. 

In connexion with the expansion of the brain and the assumption 
of an erect attitude, it is consistently found, on ascending the scale 
of Primate evolution to man, that the foramen magnum through 
which the spinal cord joins the brain is moved relatively farther and 
farther forward. This fact is obvious when it is considered that the 
head of an ordinary lower mammal projects forwards horizontally 
from its neck, whereas man’s head is carried vertically above his 
neck. At the same time, the eyes of lower mammals and of man look 
horizontally from about the middle of the front of the face. There 
has therefore been a progressive expansion of the hinder and upper 
part of the skull accompanying the development of the brain, and 
which moves the face-region farther and farther forwards. The 
ordinary superposition of median vertical sections through skulls 
suffers from the fact that it is then difficult to distinguish between 
differences of actual size and differences of development* This 
difficulty vanishes when the sections are superposed on a common 
centre, and then rotated so that certain standard radius-lines coin- 
cide. Other lines can then be read-off by angular measurement 
regardless of the actual size of the skull. The centre of gravity is 
chosen as the common centre since it is the morphological centre of 
form. It may be called Sollas’ centre. The sections are then rotated 
so that the radius-lines from the centre to the middle of the foramen 
magnum coincide. The sections arc then “set”, and reference-lines 
are made by continuing the radius of coincidence up to the top of 
the skull, and drawing a line at right angles to it through Sollas’ 
centre. 

One of the most instructive readings is the measurement of the 
angle made between the line of the foramen magnum, and the line 
from the centre to the point of junction between the nasal and frontal 
bones (the nasion). It is essential for this comparison that the sections 
be taken from specimens of equivalent age, for during development 
the angle changes. Nevertheless, taking adult material it is possible 
to make out the following: 

Angle between foramen magnum and nasion in adult: 

Gibbon 
Chimpanzee 
Pithecanthropus 
Homo neanderthalensis 
Rhodesian man 
Homo sapiens 

These measurements show that the periphery of the brain-case in 
14 — v.z. 


. . 239® 

. . 25 r (conjectural) 

. . 253® 

. . 262® 
circ. 270"* 



402 


EVOLUTIONARY MORPHOLOGY 


modern man amounts to three right angles, and it is interesting to 
note in comparison with lower forms that the accommodation for 
the increased size of man’s brain is obtained by the angular increase 
in the periphery of the brain-case as well as absolute increase in size. 

It is noticeable that the increase in the value of the angle is pro- 
gressive all the way from the apes, through Pithecanthropus and 
Neanderthal Man to Homo sapiens. 

As regards Australopithecus^ the following table shows the com- 
parison between it and juvenile specimens of other forms. 

Angle between foramen magnum and nasion in young: 

Orang . . . . . . . . . . . . . . 243° 

Chimpanzee 252° 

Australopithecus 258° 

Homo sapiens child 282° 

It is clear, therefore, that the Taungs skull approaches the human 
condition in this respect. 

Having now reviewed the material on which all study of the 
evolution of man must be based, it remains to consider what causes 
were probably operative during the history of human descent. It 
may be said at once that just as the rise of the mammals was due to 
the development of the brain and formation of a neopallium, so a 
continuation and perfection of that process led to the rise of the 
Primates and man, and that this development was largely associated 
with the sense of sight. 

It has been seen that the history of the Primates can be traced 
from Insectivore-like ancestors, through Tarsioid, monkey, and ape 
stages, and that their evolution was accomplished under arboreal 
conditions of life. Now, the Insectivora, Tarsioidea, monkeys and 
apes have living representatives at the present day, some of which 
have changed but little from their Eocene ancestors. Without in the 
least suggesting that these living forms are on the main line of 
descent (which indeed it has been shown carefully that they are not), 
they may be taken and studied for their brains and organs of sight, 
as showing grades of structure approximately representative of the 
stages through which it is known that the Primates passed. 

Of the Insectivora, Macroscelides (the jumping shrew) may be 
taken as a primitive mammal, in which the neopallium is developed, 
but the archipallium related to the sense of smell is still very large. 
In particular it is important to notice that the region of the neo- 
pallium (parietal region) related to the sense of sight is small. 

Tupaia (the tree shrew) is related to Macroscelides^ and the 
difference which it shows in its brain is related to the habit of 
living in trees. Life in trees is conducive to the better development 
of the sense of sight, for jumping from one branch to another, and 
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Figure 183. Diagrams of longitudinal sections of skulls, superimposed on 
their centres. (After Sol las ) 

Showing the difference in angular measurement between the nasion-Iinc (from 
the centre to the top of the nasal hone) and the line through the foramen magnum 
(from the centre) : in Gibbon 238'"; in Chimparueec 239’; in Pithecanthropus 251®; 
in Neanderthal man 253®; in Rhodesian man 262®; and in ipodern man 264® 
to 270®. 
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inefficient perception of spatial relations would lead to disaster. 
Accordingly, it is not surprising to find that the visual area of the 
neopallium of Tupaia is better developed than in Macroscelidesj and 
that in the nature of its retina and other features connected with the 
eyes Tupaia approaches the Lemurs. 

The stage represented by Tarsius, which is also arboreal, is of 
great importance,, for here for the first time the sense of smell is 
reduced below the level of the sense of sight, which becomes the 
dominant sense in the body. The eyes of Tarsius look forwards, and 
the fact that they have rotated on to the front of the face necessitates 
the reduction of the nose and snout. At the same time, the senses of 
hearing and touch are better developed, together with their respective 
temporal and tactile areas in the neopallium. The development of 
the tactile area is important because it is associated with that area 
of the cerebral cortex which is concerned with the performance of 
delicately adjusted and skilful muscular movements. Such move- 
ments are essential for an active arboreal animal, but there is another 
reason for referring to this part of the neopallium, and that is that 
a portion of it (the prefrontal region) is concerned with the co- 
ordination of the movements of the two eyes. 

In the prefrontal area of Marsupials there are centres which con- 
trol the eye-muscles and therefore the movements of the eyeball of 
the opposite side. The movements of the two eyes are linked together 
in higher forms, and this is especially significant in the Primates, 
where the visual axes of the eyes become parallel. Further, whereas 
in lower vertebrates the fibres from each eye all go to the other side 
of the brain (the crossing at the optic chiasma is complete), in the 
mammals a certain number of fibres remain uncrossed, and go to 
the same side of the brain. Now, in the Platyrrhine stage of evolution, 
represented by the Marmoset, the co-ordination between the move- 
ments of the two eyes is perfected, and both eyes are able to follow 
one and the same object. A consequence of this is that “corres- 
ponding points” are developed in the retinae of each eye, on which 
the images of one object are formed, and the most important of these 
points is the macula lutea or spot of optimum sensitiveness. 

Consequent on the power of making conjugate eye-movements, 
the Anthropoidea and Hominoidea have evolved a macula lutea, 
and this still further increases the importance of the parietal (visual) 
and prefrontal (skilled movement) areas, which features already 
distinguish the brain of the Platyrrhine from that of Tarsius, A 
continuation of the process of enlargement and perfection of the 
parietal, prefrontal and temporal areas can be gradually traced 
through the grades of structure shown by the Catarrhine, the ape 
(Gorilla), Australopithecus ^ Pithecanthropus, Neanderthal to Homo 
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sapiens. There is further the very interesting fact that in Jiuman 
development the regions of the neopallium which are the last to be 
formed are precisely these parietal, prefrontal and temporal areas. 

There is therefore good reason to believe that the perfection of 
these areas of the cerebral cortex and of the functions with which 
they are associated played the major part in the evolution of man. 
The brain developed first, and other features such as the reduction 
of the face and assumption of the erect attitude followed. It is to be 
noted that the perfection of the parietal and prefrontal areas is 
directly or indirectly concerned with the function of vision, so that 
it may be said that sight was of capital importance in the evolution 
of man. In this connexion, mention may be made of some other 
aspects of the bearing of sight on evolution. 

In the first place, it will be remembered that the eyes are “distance- 
receptors”, and that the responses which they evoke on the part of 
the animal are anticipatory rather than consummatory movements. 
Next, there is the fact that in man the number of nerve-fibres 
entering the brain from one eye vastly exceeds the number of all the 
other afferent nerve-fibres of one side put together. From the 
physiological side, it is found that in the higher Primates including 
the monkeys, apes, and man, the eyes assume great importance in 
regulating the posture of the organism, a regulation which in lower 
forms is principally dependent on the semicircular canals of the ear. 
Lastly, from the psychological point of view, experiments on the 
behaviour of chimpanzees when confronted with problems show 
that the eyes play a very important part in solving the problem. 
Cases of great interest are those in which there lies close at hand 
some instrument, such as a stick, and by using which the ape would 
be able to solve its problem easily. Unless the instrument to be used 
is seen by the ape in the same field of vision as the object or goal 
for which it is to be used, it pays no attention to it. Without this 
optic co-presence, the ape does not “see” the solution to the problem. 

Perhaps the most important of all the consequences of the per- 
fection of the sense of sight in the Primates is the fact that it is the 
neopallium which undergoes commensurate development in the 
brain, and the neopallium is the physical companion of memory, of 
the ability to profit by experience, and of the arbitrator of possible 
responses, known as the will. There is also to be noticed here the 
importance of remaining unspecialised. For if the great development 
of the sense of sight had taken place earlier in evolution, in an 
ancestor of the mammals, it would have been not the neopallium, 
but the optic lobes which would have undergone specialisation, and 
for a number of reasons these are unsuited for the development of 
the higher mental faculties. The success of man is therefore also due 
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to the fact that his ancestors did not shoot their bolt of specialisation 
prematurely. 

A consequence of binocular vision and conjugate movement is the 
power to converge the eyes on an object In the first place, this 
enables an estimate of distance to be made, which is important in 
leaping from branch to branch. Feeling of the degree of convergence 
is conveyed by stimuli from proprioceptive sense>organs in the eye- 
muscles by afferent fibres in the eye-muscle nerves. When, however, 
the eyes are converged on an object, that object occupies the attention 
of the animal, and the stereoscopic vision which it now enjoys 
enables it to become aware of the true geometrical and spatial 
relations of the objects in the world around it. 

To return to the face, it is obvious that when the nose and snout 
are reduced as a result of the eyes coming on to the front of the face, 
the mouth itself can no longer so easily be used as a food-obtaining 
organ, as it is in lower forms. Here, the hands come to the rescue, 
and being five-fingered and with opposable thumbs, capable of 
pronation and supination, they undertake the function of carrying 
food to the mouth. At the same time, the development of the pre- 
frontal area of the neopallium enables delicate movements to be 
made, in the course of which the animal acquires skill. It is an 
interesting fact that in the higher Primates the focal length of the 
eyes for most acute vision should be just within the reach of the 
hands. The assumption of the erect posture which is made possible 
by the increased power of co-ordination of the brain relieves the 
hands from the service of locomotion, which is performed solely by 
the feet. The latter therefore lose the opposability of the big toe. 

Lastly, in connexion with the greater development of the temporal 
region of the neopalliuro, the power of hearing became more acute, 
and with it came the development of speech. There is clinical evidence 
that in man one of the lobes of the temporal region is concerned 
with the faculty of stringing words together into sentences with a 
logical meaning, and it has been shown above that this is one of the 
regions of the neopallium which has undergone progressive develop- 
ment in the evolution of man. It is not claimed that man is nothing 
more than a mammal which sees, hears, and co-ordinates his move- 
ments better than other mammals. All that is intended is to show 
that the development and perfection of these functions of sight, 
auditory discrimination with which must be coupled speech and 
language, and muscular skill, bring about changes which aic pre- 
requisite for the development of that peculiarly human attribute 
the higher mental faculties. 
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PART V 


CHAPTER XLin 

CONCLUSIONS 

Not the least of the interests aroused by the study of Vertebrates 
is due to the fact that they form a group which lends itself perhaps 
better than any to a consideration of general principles and matters 
of wide importance. This is largely because, although imperfect, 
present knowledge covers a considerable amount of the results of 
vertebrate evolution, and still more because between the most widely 
separated members of the group, between Amphioxus and man, 
there is sufficient similarity in plan of structure to enable comparisons 
to be made with advantage. Comparative Anatomy as an intellectual 
weapon is the more satisfactory when the number of correspondences 
of kind which can be established is great, regardless of course of 
matters of detail. So it is not astonishing that the Anatomy of, for 
example. Nematodes and Echinoderms when compared should be 
less fertile in conclusions of general interest than a comparison 
between Vertebrates as distant from one another as are fish and 
mammals. From the fact of the general homogeneity of the group as 
a whole, the variations to be observed in different vertebrates become 
all the more interesting. 

It is very striking to find organs such as notochord, nerve-tube, 
dorsal and ventral nerve-roots essentially the same in Amphioxus 
and man, but the most striking case of homologous organs is that 
of the thyroid. From the endostylc of Amphioxus, through Pelro- 
myzon with its tell-tale Ammocoete larva, to all the Craniates, the 
chain is complete, and not the least remarkable feature of it is the 
great change in function which has taken place from an organ con- 
nected with the ciliary method of feeding to a ductless gland regula- 
ting the metabolism of the body. This case is a good illustration of 
the fact that function is no criterion whatever in questions of homo- 
logy, and that the sole condition which organs must fulfil to be 
homologous is to show similarity in their fundamental structure and 
morphological relations. 

A fact which the vertebrates illustrate well is that the numerical 
correspondence of segments which give rise to particular structures 
is not a necessary criterion for homology. This is well shown by a 
14 * 409 
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consideration of the pectoral and pelvic limbs. The fore limb is 
formed from trunk-segments 2, 3, 4, and 5 in the newt {Salamandra), 
whereas in the lizard it arises from segments 6, 7, 8, and 9, Similarly 
the hind limb arises from segments 16, 17, and 18 in the newt, but 
segments 26 to 31 in the lizard. Countless similar examples are 
afforded by other vertebrates, and it is to be noticed that the limbs 
not only vary in their position, but also in the number of segments 
which have contributed to their formation. Yet wherever they may 
be and however many or few segments they may contain, fore limbs 
are homologous throughout the vertebrates, and so are hind limbs. 
During evolution transposition has occurred; new adjacent segments 
have taken to contributing to the formation of the limb, and at the 
opposite end segments which hitherto contributed may cease to do 
so. In this way the limbs may become transposed over the trunk of 
the animal much as a tune can be transposed over the keys. But it 
is the same tune and the same limb. 

Another case is that of the position of the occipital arch at the 
back of the skull. The neurocranium of Scyllium occupies 7 segments 
while that of a form as closely related to it as Squalus occupies 9. 
Although they are situated in different segments, there can be no 
doubt that the occipital arches of these two animals are similar 
structures descended from the occipital arch of a common ancestor, 
and are therefore homologous. 

A very interesting example of the same kind is furnished by the 
number of gill-slits in various Selachii. Heptanchus has 7, Hexanchus 
and PUotrema have 6, and the remaining Selachii have 5 gill-slits and 
branchial arches on each side. 

The 7th or facial nerve contains fibres of the special visceral 
efferent component system, which innervate the striated visceral 
muscles of the hyoid arch (see p. 319). The centre of origin of these 
fibres is called the motor VII nucleus, and is situated in the medulla 
oblongata, but its precise position varies in different classes of 
vertebrates. In the dogfish, this nucleus has a dorsal position, but in 
the rabbit it lies ventrally. On looking for a reason for this displace- 
ment, it is found that the motor VII nucleus of the dogfish receives 
its stimulating impulses from the visceral afferent sensory centre. 
This centre lies dorsally, and it receives impulses from the sense- 
organs of taste and mucous surfaces of the gill-slits. The reflex 
response to these impulses passes from the visceral afferent centre to 
the motor VII nucleus and out to the muscles of the hyoid arch. 

In the rabbit, the motor VII nucleus receives impulses from a 
number of sensory centres, such as: the general somatic sensory 
centre, which receives impulses from the skin of the face and ears; 
an auditory centre; an optic centre; and a centre which receives 
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impulses from the sense-organs of pain in the body. Now, all these 
centres have a ventral position, and the reflex responses to the various 
impulses pass from the sensory centres to the motor nucleus, and so 
out to the muscles. In the rabbit these muscles are not restricted to 
the hyoid arch, but they form the muscles of expression which move 
the face, lips, and external ears, and close the eyes. This is why a 
grimace is made when the face is tickled or the body is hurt, why the 
ears are pricked to a sound, and why the eyes are closed to a dazzling 
light. But the point of importance to note for the present purpose is 
that the ventral position of the motor VII nucleus in the rabbit is 
due to the ventral position of the sensory centres which stimulate it, 
just as the dorsal position of the nucleus in the dogfish is relat^ to 
the dorsal position of the sensory centre in question in that animat. 
In other words, the cell-bodies of neurons appear to have been dis- 
placed towards the source of the impulses which they most habitually 
receive. This apparent process of migration is known as neuro- 
biotaxis, and it has been of great importance in the evolution of the 
nervous system. The apparent migration of the centres during the 
course of evolution is probably due to the formation of the centres 
in changed position during successive individual developments. A 
matter like this is worth some attention, for it is an example of how 
principles of general and wide interest can be derived from compara- 
tive anatomical studies. 

In sharp contrast to homologous structures are the resemblances 
between different and unrelated groups of animals as regards 
characters which can be proved to have been separately in- 
dependently evolved. These resemblances are analogies, and they 
give rise to the phenomenon of convergence in evolution which is 
well illustrated by vertebrates. The instances of convergence which 
might be given are so numerous that only very few need be mentioned 
here. A good example is the modification of the pentadactyl limb 
into a paddle, thereby losing its typical appearance and Presenting 
a superficial resemblance to the fins of fish. But the interesting thing 
is that this process has occurred not once but several ‘ ' 

dependently, in different groups of Tetrapodsi Chelonia, Ichthyo- 
saurs, Plesiosaurs, Mosasaurs, ThalaUosaurs. Thalat osuchM 
euins Cetacea (whales). Carnivora pinnipedia (seals), and b renia. 
The Ichthyosaurs and some of the Cetacea are further 
that they have developed median dorsal fins whic i , , 

very sin^ar to those offish. The Urodela also 
in 111 these cases a Uttle study suffices to “hey 

not only differ very much from the fins of fish, but also that they 

fo^d in .h. ca« »t .hn .lon|..«i nnd 
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limbless condition of Gymnophiona, certain lizards such as Anguis, 
Amphisbana^ Scincus, and the snakes. Or again, the fore limb has been 
modified into a wing independently in Pterosaurs, birds, and bats. 
The marsupial “mole” Notoryctesh very similar to the true placental 
moles (Talpa). 

Now it is noteworthy that these cases of convergence are each of 
them related to a particular mode of life. So the paddle-like modi- 
fication of the limbs is an adaptation to life in the water, just as 
wings are adapted to life in the air; the limbless condition is a form 
of adaptation to a burrowing habit, while another form of this habit 
characterises the “moles”. It is because of their adaptations to their 
environment that these animals come to resemble one another, and 
these adaptations have of course no value in determining affinities 
or descent. 

Another phenomenon may now be considered, which is in some 
ways intermediate between homology and convergence. It is often 
the case that in two groups of related animals which have recently 
diverged the same evolutionary changes take place. This may be 
called parallelism, and it is illustrated in certain groups of Ungulates 
such as the Titanotheres and the rhinoceroses. In several distinct 
stocks of Titanotheres peculiar bony knobs appear on the skull. 
These structures were not visibly present in the common ancestor of 
the forms which have evolved them; the structures cannot therefore 
strictly be called homologous, yet they are so similar that it is im- 
possible to avoid the impression that they have some common cause. 
The independent development of such similar structures in related 
groups of animals is often ascribed to a so-called process of 
“orthogenesis”, or variation along “straight” and constant lines. 
The working of this process in two or more related groups is sup- 
posed to result in parallel evolution. 

Now it is worthy of note that when tracing lines of descent through 
fossil forms, it is rarely possible to identify one form as the direct 
ancestor of another. Instead, it is more usual to find that one fossil 
form is related to the ancestor of another, because it possesses 
characters which that ancestor must have possessed, while at the 
same lime showing other characters which proclaim that it had 
diverged from that ancestor. The characters of the ancestor in 
question are, of course, to a certain extent deducible from those of 
the form descended from it. 

The incompleteness of knowledge of the fossil record makes it 
difficult to find “fathers”, but it supplies a number of “uncles”. The 
question now is this: why do the “fathers” and “uncles” resemble 
one another? Cynognathus itself is not the ancestor of the mammals, 
for in several respects it is too specialised, but it must have evolved 
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parallel with the ancestor of the mammals or it would not possess 
so many similarities. In the same way it can be shown that the later 
Stegocephalians, which were not on the line of descent of the reptiles, 
nevertheless show a number of changes in evolution which took 
place parallel to those which were going on in their ‘‘cousins” the 
reptiles. 

The answer must be that the “fathers” and the “uncles” inherited 
something from the “grandfather” which determines the course of 
their evolution. This something need not, however, have been visible 
in the “grandfather”, so that the “fathers” and the “uncles” in 
which the something does become visible appear to have evolved it 
independently. In these cases there appears what may be called a 
latent homology between the structures in question, and which 
accounts for the so-called “orthogenesis”. In any case, it is most 
important to avoid the impression that “orthogenesis” implies a 
purposeful or directive force, or that evolution takes place in straight 
lines. Such impression is quickly dispelled by a consideration of the 
record of success and failure of the different groups of animals 
during evolution. If a directive force were responsible for evolution, 
it would seem to be peculiarly malicious, for most groups of animals 
have been “directed” to their doom by extinction. 

An insight into what “orthogenesis” may mean is given by a study 
of the relative sizes of parts of animals to the whole animals, at 
different absolute sizes. It is found, for example, that the si/e of the 
antlers in Red deer is relatively larger in large animals than it is in 
small ones. That is to say, that the larger a Red deer grows, the 
relatively larger do its antlers become, on the average. These cases 
are susceptible of mathematical treatment, and it is found that the 
antlers not only grow faster than the body, but they grow faster at 
a constant rate, for the ratio of the growth-rates of antlers and body 
remains constant. Organs to which this principle applies are called 
allometric, and allometry is of wide occurrence in the horns and 
bony knobs of various groups of Ungulate mammals. Now just as the 
allometric organ is relatively smaller in small animals, it is found as 
a rule that in two species of one genus both of which possess this 
organ, the larger species will have the relatively larger allometric 
organ. So the antlers of the little Muntjack arc relatively smaller than 
those of the larger Red deer. There are of course exceptions and 
complications, but from the present point of view' the main 
to notice is that for an organ which show's allometric growth to 
appear at all, the animal’s body must have reached ascertain absolute 
size. Now as the different races of Titanotheres evolved, their size 
increased, in common with nearly all the groups of mammals. 
Independently, each of these races of Titanotheres developed bony 
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knobs on the skull, and as the size-increase of the animals continued, 
the bony knobs became relatively larger still. The bony knobs are 
allometric organs, and their independent appearance in different 
races is not due to any directive force, but automatically to the 
increase in size of the body of the animal. This increase of body-size 
was probably due to random variation selected by natural selection 
in the direction of greater size because it is (up to a point) advan- 
tageous, and has survival value. From the common ancestor of the 
different races it is only necessary to assume that the capacity was 
inherited to produce bony knobs if and when a certain body-size is 
reached. On this view, therefore, “orthogenesis” does not mean 
directed/ evolution, but merely direct/onn/. It also enables an ex- 
planation to be given for the cases of extinction of animals in which 
the size of the allometric organ (consequent on the large size of the 
body) had become so great as to reduce the animal’s chances of 
survival. This applies to the Irish elk, which was a very large deer 
with relatively immense antlers. 

Attention must now be paid to the terms “primitive” and 
“specialised”, which were defined early in this book, and which have 
been consistently used throughout. In the first place, it is necessary 
to notice that their meaning is relative, so that it is possible to find 
an animal which is primitive when compared with one and specialised 
when compared with another animal. A specialised animal is one 
which is committed to a particular line and so has a restricted potency 
of evolution. As a rule, specialised animals are adapted to a particular 
mode of life, and this adaptation has entailed either the development 
or loss of certain structures which render the animals unfit to live in 
any other environment but their own. Once committed, they are 
committed for always, for in its broad lines evolution is irreversible. 

Primitive animals, on the other hand, are not committed to any 
particularly restricted mode of life; they do not have any delicate 
adaptations with the structural modifications which they involve, and 
they are, in a word, generalised. 

It is from generalised ancestors that the main groups of animals 
have evolved, and as these groups radiated out they became special- 
ised in their various ways. Specialisation and evolutionary capacity 
are roughly inversely proportional. 

The significance of primitiveness and specialisation is thus related 
to evolution. Amphioxus is primitive because it possesses many 
characters which the early ancestral Chordates must have had. But 
its specialised characters show that it was not itself that ancestor. 
Amphioxus is with regard to the higher Chordates not a “father” but 
an “uncle”. 

It is worth noticing that the primitive arrangement of several 
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stmctures was segmental, and that as evolution proceeded this simple 
scheme was departed from. So the gonads of Amphioxus, myotoracs 
of Amphioxus^ kidney tubules of Myxine, ribs of Cotylosaurs, and 
respiratory centres of Raia show that “a pair of each in each seg- 
ment was the primitive outfit, on which evolution has worked. 

When man is considered in relation to his ancestors, a significant 
fact emerges. Man is not adapted to any restricted mode of life at 



Figure 1 85. Views of embryos of A, dogfish ; B, lizai d ; C, chick ; D, rabbit ; 
and E, man; showing the similarity at early stages between embryonic 
forms of related animals. 

all; instead he is fitted for almost all sorts of habits and circum- 
stances; he is generalised not specialised, and that is one of the 
secrets of his evolutionary success. His ancestors must have been 
among the most primitive and generalised of the mammals; they did 
not live on the capital of their evolutionary capacities and spend it 
in exchange for delicate adaptations, which, while perhaps allowing 
of “easier living”, would have resulted in side-tracking the race into 
a nit or backwater of life. 
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Lastly, mention may be made of the material which the vertebrates 
supply for a consideration of what was called the law of recapitula- 
tion. It is not astonishing that a group as broad and as well known 
as the vertebrates should provide several examples of embryos which 
seem to reflect something in the ancestral stages of the forms to which 
the embryos in question belong. As an example, the gill-slits (or 
rather gill-pouches) of the mammals may be taken. It is rightly held 
that these structures in the embryo mammal represent the gill- 
pouches and slits of the fish-stage ancestor of the mammals. But the 
most important thing to notice is that it is the gill-pouches of 
embryo fish and not those of adult fish which the gill-pouches of 
mammalian embryos resemble; indeed, not much observation is 
needed to see that between the gill-pouches of the mammalian 
embryo and the gill-slits of an adult fish there is but little resemblance, 
whereas the gill-pouches of embryonic stages are very similar in all 
groups of vertebrates. This explanation covers all cases of so-called 
recapitulation. It follows that it is inaccurate and misleading to say 
that Ontogeny (the development of the individual) recapitulates 
Phylogeny (the evolution of the race). What may be true is that 
Ontogeny repeats the Ontogeny of the ancestor, and even then, it is 
not necessarily true of all embryonic forms. While the gill-pouches 
arc repeated in this sense, other organs such as the primitive streak 
or the extra-embryonic coelom are not. It is also to be noted that the 
order of appearance of structures in Ontogeny is not necessarily the 
same as in Phylogeny. Denticles appeared early in evolution, but 
they arise late in the development of the dogfish. The embryo is 
phylogenetically older than the amnion, but in the development of 
the mouse, the amnion arises first and the embryo afterwards. 

The real value of embryology from the point of view of evolution 
lies in the fact that embryonic forms are like the embryonic forms of 
related animals. As a rule, the younger the embryos are, and the 
closer akin the species to which they belong, the more closely do the 
embryos resemble one another. The more closely allied the species 
are, the longer does the resemblance between the embryos persist. 
Embryology furnishes valuable evidence therefore as to affinities, 
but it cannot profess to give definite information concerning the 
adult forms of ancestors. 
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OF ANIMALS MENTIONED IN THIS BOOK 

(j4/i asterisk denotes a totally extinct group) 


Phylum. 

Subphylum. 

Class. 

Class. 

Subphylum. 

Class. 

Order. 

Order. 

Order. 

Class. 

Class. 

Subphylum. 

Division. 

Branch. 

Class. 

Class. 

Subclass. 

Subclass. 

Branch. 

Grade. 

Grade. 

Class. 

Order. 

Order. 

Order. 


Order. 

Class. 

Subclass. 

Order. 

Order. 


CHORDATA. 

HEMICHORDATA. 

PTEROBRANCHiA, e.g. Ceplialodiscus, 
Atubaria, Rhabdopleura, 
ENTEROPNEUSTA, t.g. Balanoglossus. 
PROTOCHORDATA (ACRANIA). 
UROCHORDATA. 

ASCIDIACEA, e.g. Ascidia. 
THALIACEA, C.g. Salpa. 

LARVACEA, e.g. Fritillaria. 
CEPHALOCHORDATA, C.g. AnipllioXUS. 
EUPHANERiDA*, e.g. Jamoytius. 
CRANIATA. 

ANAMNIA. 

CYCLOSTOMATA. 

OSTRACODERMA,* e.g. Cephalaspis. 
CYCLOSTOMATA. 

PEi.'OMYZONTiA, C.g. Petromyzon. 
MYXiwoiDEA, c.g. Myxinc, Bdello- 
stomu , 

GNATHOSTOMATA. 

APHETOHYOiDEA,* e.g. Acanthodes. 
PISCES. 

CHONDRICHTHYES. 

CLADOSELACHII,* C.g. Clodose- 

lache. 

PLEURACANTHODIl,*e.g.?/e//rfl- 

ciwthus. 

SELACHii, e.g. Scyllium, Squalus, 
Hcptanchiis, jiexanchus, Hetero- 
doutuSy PristiSy RJjina, PliotreniOy 
RaWy Torpedo, 

iiOLOCEPHALi, c.g. Chimara. 
OSTEICHTHYES. 

TELEOSTOMl. 

OSTEOLEPIDOTI,*^ C.g. Osteo- 
lepiSy Sauripterus. 
CCELACANTHINI. C.g. Undina, 
Latitneria. 
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Order. 

Order. 

Order. 

Order. 

Order. 

Order. 


Subclass. 

Class. 

Order. 

Suborder. 

Suborder. 

Suborder. 

Order. 


Order. 


Order. 

Division. 

Class. 

Subdivision. 

Subdivision. 

Order. 


Group. 

Superorder. 

Order. 


Order. _ 

t The coTYLOSAURiA and 
ANAPSIDA. 


POLYPTERINI, C.g. Polypterus, 
PAL«ONiscoiDEi,*e.g. C/zeir- 
olepis, 

ACTPENSEROIDEI, C.g. Chotl- 
(Irosfeus, Acipenser. 
AMioiDEA, e.g, Amia, 
LEPIDOSTEOIDH, C.g. Lcpidif* 
steus, 

TELEOSiEi, e.g. CWma', Ami- 
urns, Monmrus, Ipnops, Peri- 
ophthalmus, Fieraafer, Gobi- 
csoXy Amblyopsis, Luc^uf^a, 
Soiea, Exocfftm, Eclrialycfutus, 
Eurypfutrynx. 

DIPNOI, e.g. Ceratudus, Lepidosifcu, 
Proropienis. Diptcriis. 

AMPHIBIA. 

LABYRINTHODONTIA* (STIGO- 
CEPHALIA). 

1C HTH Yos rtc; A \ I A, Iclfthyo.sfe^m, 
E M B OL O M E R I , C.g. Eof^yrifius, Lo- 
xomrjia, Miobutrac bus, 
SF.YMOURIAMORPHA, C.g. *SVv- 
mouria. 

iJRODEi A, e.g. Triiurus, Sidamundra, 
Proteus, Siren, Cryptohmnehus, 
Ncc turns. 

ANIJRA. c.g. Protohatravhus, Romi, 
Pipa, Rhinoderma, Alytes, it \ /urn- 
bates. 

GYMNOPinoNA, C.g. Idufiyop/iws, 
Hypogeophys. 

AMNIOTA. 

REPTILIA. 

tc o T > L o s A T ; K I A f c . g . Parciusaurus. 

sauropsida. 

tcHEi.ONJA, C.g. Testudo, CJtrlofie, 
Spharffis, Eunotosaurus, Triasso- 
chelys. 

PARAPSIDA. 

SQUAMATA. 

L A n: R r I L I A , C.g. Laccria^ Vara- 
nus, Uromastix, Gecko, 
Anffuis, Chak'tdeSy Seincus, 
Amph is bfvna, Chamcctco, 
Mosasaurus. ' 

OPHIDIA, e.g. Vipera. 

CHE LON 1 A arc oftea grouped together as 
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Superorder and Order. 

ICHTHYOSAURI A, e.g. Mixo- 
saurus. Ichthyosaurus, Ophthal- 
mosaurus. 

Group. 

DIAPSIDA. 

Order. 

RHYNCHOCEPHALIA, e.g. Sphe- 
nodon (? Thalattosaurus). 

Order. 

CROCODILIA. 

Suborder. 

PSEUDOSUCHIA,* e.g. Euparfc- 
eria. 

Suborder. 

THALATTOSUCHIA,* e.g. Geo- 
saurus. 

Suborder. 

EU sue HI A, e.g. Crocodilus. 

Order. 

DINOSAURIA.* 

Suborder. 

SAURiscHiA, e.g. Diplodocus, 
Tyrannosaurus. 

Suborder. 

PREDENTATA (or ORNI- 

thischia), e.g. Iguanodon, 
Stegosaurus, Triceratops. 

Order. 

PTEROSAURIA,* e.g. Pteranodon. 

Subdivision. 

THEROPSIDA. 

Group. 

SYNAPSIDA. 

Order. 

THEROMORPHA,*e.g. Cynogna- 
thus. 

Group. 

SYNAPTOSAURIA. 

Order. 

SAUROPTERYQIA,* e.g. Noth(h 
saurus. Plesiosaurus. 

Class. 

AVES. 

Grade. 

ARCHiCORNiTHES,’* c.g. Archceo- 
pteryx. 

Grade. 

NEORNITHES. 

Subclass. 

CARINATE s, C.g. Columba, Cal- 
lus, Megapode, Grebe, Petrel, 
Diver, Gull, Flamingo, Duck, 
Phalarope, Dodo, Solitaire, 
Humming-bird, Penguin, Tin- 
amu. 

Subclass. 

RATITES, e.g. Struthio, Emu, Rhea, 
Cassow ary, Apteryx (Kiwi), Moa, 

Class. 

MAMMALIA. 

Grade. 

MULTITUBERCULATA.* 

Grade and Subclass. 

MONOTREMATA, e.g. Omithorhyn- 
chus. Echidna. 

Grade, 

DITREMATA. 

Subclass. 

TRITUBERCULATA.* 

Subclass. 

MARSUPIALIA, C.g. Didelphys, 
Ccenolestes, Dasyurus, Thyla- 
cinus, Perameles, Phascolarctos, 
Phascolomys, Phalanger, Nolo- 
ryctes, Thylacoleo, Macropus. 
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Subclass. 

Order. 

Order. 

Order. 

Suborder. 

Suborder. 

Order. 

Order. 

Order. 

Suborder. 

Family. 

Family. 

Family. 

Family. 


Suborder. 

Tribe. 

Family. 

Family. 

Tribe. 

Family. 


Tribe. 

Family. 

Family. 

Family 


Order. 

Order. 

Order. 

Order. 

Order. 


PLACENTAI lA. 

deltatherioiiDjC,* e.g. DeU 
tatheridium. 

CREODONTA.* 

carnivora. 

FISSIPEDIA, e.g. Canis, Felis, 
Ursus, Civet, Badger. 
PINNIPEOIA, e.g. Seal. 
condylarthra. 
amblypoda,* e.g. Uintathe^ 
rium, 

ungulata. 

perissodactyla. 

TH ANOTHERID/F/ C.g. 

Titonotherium, 
tapirida?, e.g. Tapir. 

RHINOCEROTIDif’, C.g. Rhi- 


noreros. 

E QUID A!, e.g. Eohippus, Me* 
sohippus^ MiohippuSy Plio* 
hippuSy Equus. 
artiodactyla. 
suina. 

st)iDiF,c.g.5wy. 

HIPPOPOIAMlDA^ eg. Hip- 


popotamus. 


tylopoda. 

CAMFllDiF, C.g. Prot}h>pUS, 
Poehroihci ///m, ProcamelitSy 


Canielus, 

PECOKA. 

oiRAiFiDAs C.g. Giratlc. 

( ERVIDAS c.g. CcrvtiSy Rein- 
deer, Muntjaek, Irish Idk. 
BOV I DA, e.g. Ox, Zebu, 
Sheep, Goat, Anlclope. 
Antilocapridie, c.g. 


locapra. 

hyracoidea, e.g. h}rax 

(coney). , 

proboscidea, c.g. Marith* 
criumy Palceomastodony letra* 
belodony Eliphas. 


SIRENIA, c.g. 
cetacea, c.g. 

Porpoise. 

litopterna,' 


Manatus. 

, y/hale, Dolphin, 

• c.g. Thoathe* 


rium. 
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Order. 

EDENTATA, e.g. Brodypus, Cho- 
lupus, Armadillo, Pangolin. 

Order. 

RODENTIA, e.g. Lepus, MttS, 
Squirrel, Porcupine. 

Order. 

iNSECTivoRA, e.g. Mole, 
Hedgehog, Shrew, Plesiadapis, 
Macroscelides, Tupaia, Scalo- 
pus. 

Order. 

CHEIROPTERA, e.g. Bat. 

Order. 

DERMOPTERA. 

Order, 

PRIMATES. 

Suborder. 

LEMUROIDEA, e.g. Notharc- 
tus, Lemur. 

Suborder. 

TARSioiDEA, e.g. Tetonius, 
Tarsius. 

Suborder. 

ANTHROPOIDEA. . 

Series. 

PLATYRRHiNiE, e.g. Mar- 
moset. 

Series. 

CATARRHIN£. 

Family. 

PARAPITHECIDiE, *e.g. 
Parapithecus. 

Family. 

CERCOPITHECIDiE, e.g. 
Cercopithecus, Man- 
drill, Baboon. 

Family. 

siMiiDiE, e.g. Proplio- 
pithecus, Pliopithecus, 
Proconsul, Hylobates, 
Simla (Orang), Chim- 
panzee, Gorilla. 

Suborder. 

HOMINOIDEA. 

Family. 

AUSTR ALOPITHECINiE , 

e.g. Australopithecus, 
Paranthropus, Plesian- 
thropus. 

Family. 

HOMiNiDiE, e.g. Pithec- 
anthropus, Homo ne- 
anderthalensis. Homo 
sapiens. 
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References to generic names are in italic 


Abdominal pore, 31, 45, 238 
Abducens nerve, 22, 39, 115, 307, 318 
319 

Abomasum, 298 
AcanthodeSy 293, 367 
Accessory mesentery, 96, 235 
Accommodation of eye, 110, 337 
Acetabulum, 78, 89. 102, 118 
Acetyl-cholin, action of, 334 
Acipenser, 368 
— , clavicle of. 271 
— , spiracle of, 293 
Acrodont dentition, 226 
Acromion, 118 
Actinotrichia, 55, 69 
Actinotrocha larva, 364 
Adrenal, 53, 84, 127, 345 
— , development of, 164 
Adrenalin, 334 

Afferent branchial artery, 11, 27, 51, 
66, 80, 157, 166, 288 
After-birth, 201, 218 
Aftershaft, 100, 193 
Air-bladder, 65, 294 
Air-chamber, 168, 190 
Air-sac, 105, 295 
Ala temporalis, 245, 254 
Albumen egg-coat, 168, 346, 375 

— sac, 182 

Alisphenoid, 115, 254, 259 

— canal, 1 1 5 

Allantoic placenta, 198, 214, 215 
Allantois, 182, 198, 214 
Allometry, 413 
Alytes^ 302, 303 
Amblyopsis, 339 
Amblypoda, 391 
Amia, 368 
—, heart of, 286 
— , vertebr® of, 261 
Amiurus, 294 

Ainmoccete larva, 1 8, 24, 344 
Amnion, 177, 196, 219 
Amniota, head of, 309 
Amphibia, head of, 309 
— , skull of, 246 
Amphioxus, sensory cells of, 316 
Amphistylic skull, 243 
Ampulla of ear, 21, 33, 34, 340 

— of Lorenzini, 32, 33 


Analogy, 41 1 

, Anapsida, 249, 376, 378 
Angular. 60, 61, 256, 257, 259 
Animal pole, 134, 144, 168 
Ant-eater, 391 

Anterior abdominal vein, 73, 82, 109 

— cardinal vein, 27, 51, 82, 157, 186,286 

— cervical ganglion, 132, 332 

— chamber of eye, 19 

— commissure, 35, 130 

— gut-divcrticula, 138, 311 

— head-cavities, 138, 311 

— intestinal portal, 181, 186, 196 

— laryngeal nerve, 124, 131, 310 

— mesenteric ganglion, 132, 332 

— vitelline vein, 185 
Anthropoidca, 394 
Anticipatory response, 327, 406 
Antilocapra^ 224 

, Antlers, 224, 413 
Anura, 374 

Aortic arches, development of, 106, 
157, 186, 289 
Aphetohyoidea, 367 
Aqueduct of Sylvius, 35 
Aqueous humour, 19 
Aquintocubitalism, 386 
Arachnoid membrane, 130 
Archaeopteryx, 382, 384 
— , gastralia of, 223 
— , tail of, 281 
— , teeth of, 226 
— , wing of, 277 
Archenteron, 135, 148, 175 . 
Archinephros, 28, 300 
Archipalhum, 328 
Archipterygium, 71, 270 
Area opaca, 1 70 

— pellucida, 170, 176 

— vasculosa, 176, 198 
Armadillo, 223, 305, 391 

Arrector muscles of ha»r, 201, 202, 222, 
332 335 

Articillar, 60, 61,76, 88, 101,116,132, 
257, 259 

Ariiodactyla, 276, 391 
Arytenoid, 121 

Ascending process, 69, 76, 88, 244 
Ascidians, 366 
— , endostyle of, 344 
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Association neuron, 321 
Astragalus, 78, 119, 260 
Atlas, 88. 117, 264 
Atrioporc, 7, 9, 142 
Atrium, 9, 142 
AtubariOt 364 
Audio-location, bats, 342 
Auditory capsule, 23, 40, 57, 76, 100, 
113, 165, 241 

— nerve, 39, 310 
Auerbach’s plexus, 332, 333 
Auricle, 27, 51, 66, 71, 82, 91, 107, 

123, 187, 200, 287 
Australopithecus, 398 
Autonomic system, see Parasympa- 
thetic and Sympathetic 
Autostylic jaws, 69, 76, 243, 370 
Autotomy, 88, 281 
Axis. 88, 117, 264 
Axon, 314 

Azygos vein, 91, 124, 199 

Baboon, 355, 396 
BalanoglossuSy 363 
Barbs, 98, 191 
Barbules, 98, 383 
Basal process, 69, 76, 244 
Basibranchial, 41, 60, 62, 259 
Basidorsal, 23, 41, 61, 260, 261 
Basihyal, 41, 60, 62, 259 
Basioccipital, 57, 61, 259 
Basiptcrygium, 43 
Basiptcrygoid process, 87, 101, 255 
Basisphenoid, 61, 87, 100, 113, 255, 
259 

Basitemporal, 100, 259 
Basi ventral, 41, 61, 260, 261 
“ Bastard wing,” 102 
Bats, audio-location, 342 
Bdellostoma, kidney of, 28, 300 
Beak, 98, 222 
Between-brain, 34, 129 
Bile-duct, 25, 43, 96, 104, 235 
Binocular vision, 338, 404, 407 
Bladder (allantoic). 79, 93. 109, 125, 
374, 376 

— — , development of, 156, 160, 
200 

Blastoccel, 134, 145, 169 
Blastocyst, 195 
Blastoderm, 169, 206 
Blastopore, 135, 146, 170, 206 
Blastula, 134, 145, 169 
Blood-groups, 356 
Blood-islands. 159, 176, 213 
Body-stalk, 215 

Bowman’s capsule, 27, 45, 189, 301 
Brachial plexus, 84 
Brachio];>oda, 364 
Brachyodont teeth, 232 


BradypuSy neck vertebras of, 265 
Brain-stem, 323 
Branchial basket, 23 

— rays, 41 

— tube, 25 

Branchiostegal rays, 60, 62, 259 
Brown funnels, 10, 13 
Buccal cirrhi, 6 

— nerve, 39, 317 
Bulbils, 11 

Bulbus arteriosus, 51, 66, 286 
Bunodont teeth, 230 
Bursa Fabricii, 104 

Caecum, 121, 299 
CacnolesteSy 390 
Calcaneum, 78, 119, 260 
Calcigerous glands, 1 63 
Campanula Halleri, 65 
Camptotrichia, 69, 268 
Canine tooth, 116, 227 
Capitulum of rib, 117, 266 
Carapace, 266 

Cardinal vein, 11, 27, 51, 72, 82, 91, 
124, 157, 186, 283 
Carina, 102, 267, 383 
Carinates, 384 
Camassial tooth, 232 
Carnivora, 391 

Carotid arch, 80, 91, 107, 123, 156, 
166, 289, 310 

— gland, 80, 346 
Carpals, 78, 102, 260, 271 
Carpo-metacarpus, 102, 190 
Cartilage-bone, 56, 57, 61, 259, 260 
Caruncle, 190, 222, 232 
Cassowary, 386 

Catarrhinae, 395 
Cement, 226, 232 
Centrale, 78, 260 
Central implantation, 195 

— nervous system, 14, 314 
Centres, nerve, 316, 323, 410 
Centrum, 42, 61, 62. 88. 101, 261, 

374 

CephalodiscuSy 364 
Ceratobranchial, 41, 58, 62, 259 
Ceratohyal, 41, 60, 61, 259 
Ceratotrichia, 43, 69, 268 
CeratoduSy 68, 368 
— , skull of, 69. 243 
Cercopithecid®, 396 
Cerebellar cortex, 324 
Cerebellum, 22, 35, 63, 73, 83, 109, 
129, 323, 324 

Cerebral cortex, 93, 109, 129, 326 

— hemispheres, 73, 83, 93, 109, 129, 
327 

Cetacea, 355, 391 
Chalazae, 168 
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Chalcides, placenta of, 214 
Chamaleo, air-sacs of, 295 
— , eyes of, 339 
— , pigment-cells of, 225 
— , tail of, 282 
Cheiroptera, 391 
Cheiropteiygium, 272 
Chelone, skull of, 249 
Chelonia, 355, 376 
— , skull of, 248, 249 
Chevron-bones, 88, 263 
“ Chicken-skin,” 222 
Chimara, 370 
Chimpanzee, 397, 401, 402 
Chloride-secreting cells, 351 
Choana, 120, 296 
Chohpus, neck vertebrae of, 265 
Chondrichthyes, 370 
Chondrocranium, 241 
Chondrosteus, 368 
Chordal centra, 42, 261 
Chorda tympani, 333 
Chorio-allantoic placenta, 214 
Chorio-omphaloidean placenta, 214 
Chorion, 178, 197, 214 
Choroid of eye, 19. 33, 161, 338 

— plexus, 35, 130 
Chromaffine tissue, 345 
Ciliary ganglion, 37, 333 

— feeding, 7, 25, 297 

— muscle, 20, 33, 333, 337 
Circulus cephalicus, 66 
Cladoselache, 370 

— , fins of, 269 
— , skull of, 243 
Clasper, 31, 303 

Clavicle. 60, 62, 70, 89, 102, 118, 260, 
270, 271, 274 
Clavicular girdle, 271 
Cleidoic egg, 305 
Cleithrum, 60, 62, 70, 260, 270 
Cloaca. 31, 43. 45, 54. 73, 83, 93, 104, 
200, 299, 388 
Cloaca! plate, 200 
Club-shaped gland, 139, 141 
Cocc>’geo-mesenteric vein, 109 
Coelacanthini, 368 

Calom, 1, 3. 11, 29, 96, 104, 119, 234 
— , development of, 136, 151, 175 
Coelomoducts, 2, 13, 28, 161, 301 
C^lomostomes, 27, 45, 51, 83, 159, 301 
Cold-blooded ainimals, 348 
Collateral ganglia, 332 
Colon, 121, 299 
Colour-vision, 339 
Columella auris, 88, 101, 257, 341 
Communis system, 318 
Components, nerve, 315 
Concha, 96 

” Conditioned reflex,” 322 


Condylar foramen, 115 
Condylarthra, 391 

Condyle, occipital, 76, 88, 101, 113, 
247 

Confluence, 208 
Conjunctiva, 19, 161, 221 
Connector neuron, 331 
Consummatory response. 327 
Contour feather, 98 
Conus arteriosus, 51, 71, 286 
Convergence, 277, 412 
CoprodiEum, 104 

Co^pulatory organs, 87, 93, 113, 303, 

Coracoid, 43, 60, 62, 70, 78, 89, 102, 
118, 260. 270, 274 
Cornea, 19, 161, 338 
Corneoscutes, 86, 221 
Coronary vein, 125 
Coronoid, 88, 256, 257, 259 
Corpora mannllaria, 129 

— quadrigemina, 129 
Corpus callosum. 129, 328, 388 

- luteum, 129, 194, 347 
-.striatum, 34, 83, 93, 109, 130. 324, 
328 

Correlation centre, 323 

“ Corresponding points,” 339, 404 

Cortex, cerebral, 93, 109, 129, 326 

Cosmin, 223 

Cosmoid scale, 223, 368 

Cotyledon, 217 

Cotylosaurs, 249, 376 

Courtship, 303. 385 

Crampton’s muscle, 110, 338 

Cranio-sacral outflow, 331, 335 

Creodonta, 391 

Cribriform plate, 1 1 3 

Cricoid. 121 

Crocodile^ 379 

— , gastraha of, 223 

— , heart of, 287 

— . skull of. 251,253, 256 

Crop, 1 04 

Crura cerebri, 129 

Cryptobranchus, 1 67, 356 

Cuboid. 1 19, im 

Cuneiform, 78, 119, 260 

Cutaneous artery, 82 

— vein, 82 
Culis-laycr, 2. 235 
Cyclostomes, 24, 367 
Cy nognat bus ^ 378, 387 
— . skull of, 252 
Cylo-lroplioblast, 198 

Dasyurus^ 390 
E)ecussation, 338, 339 
Deep petrosal nerve, 333 
Dchaiheridium, 390 
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Demibranch^ 51 
Dental formula, 116 

— lamina, 227, 228 

Dentary, 60, 61, 76, 88, 101, 115, 257, 
259 

Denticle, 31. 223, 224, 226 
Dentine, 226 
Depressor nerve, 1 30 
Dermal bone, 57, 223 

— fin-ray, 43, 54, 69, 223, 268 

— muscle, 112, 222, 240, 332 
Dermatome, 235 

Dermis, 5, 222 
Dcrmoptera, 391 
Diaphragm, 119, 236, 239, 388 
— , development of, 200 
Diaphysis, 117, 352 
Diapsida, 249, 379 
Diastataxy, 386 
Diastema, 116 
Dichocephalous rib, 266 
DidelphySj 390 
Diencephalon, 34, 129 
Digital formula, 119 
Digitigrade, 275 
Dinosaurs, 251, 379 
Diphycercal tail, 68, 280 
Diphyodont dentition, 116, 228 
DiplodocuSf 379 
Dipnoi, 68, 293, 368 
Dipterus^ 368 

Discontinuous distribution, 368 
Distance-receptors, 327, 406 
Dodo, 386 

Dorsal aorta, 11, 27, 51, 66, 80, 91, 
107, 123, 289 

, development of, 157, 185 

— commissure, 328 

— mesentery, 1 , 45, 235 

— mesocardium, 157, 184 

— nerve, 4, 307, 310, 317 
, development of, 153 

— rib, 265 

Dorso-lateral placode, 164, 317 
Down-feather, 100, 193 
Ductus arteriosus or Ductus Bolalli, 
80, 124, 166, 186, 190, 200, 289 

— caroticus, 80, 91, 166, 289 

— cochlcaris, 95, 110, 133 

— Cuvieri, 1 1. 27. 51. 72, 82, 235 
, development of, 1 59 

— endolymphaticus, 33, 161 

— venosus, 186 
Dumb-bell-shaped bone, 256 
Duodenum, 121 

Dura mater, 36, 130 
Dwarf males, 369 

Ear. 21, 32, 34. 131, 132, 340 
— , development of, 161 


“ Ear-brain,” 323 
Echidna^ 388 
— , temperature of, 349 
Echinodennata, 363 
Ectomesenchyme, 153, 165 
Ectopterygoid, 60, 61, 87, 255, 259 
Edentates, 391 
— , teeth of, 232 
Edriolychnus, 369 
Effectors, 314 

Efferent branchial artery, 11, 27, 51, 
66. 71. 80, 157, 166, 288 
Egg-membranes, 134, 144, 168, 194 
Egg-shell, 168, 182, 190, 305, 346, 
375 

Egg-tooth, 232 
Elastica (of notochord), 261 
Electric organs, 239 
Elephas, 361, 392 
Embolomeri, 262, 374 
Embryos, temperature of, 350 
Emu, 386 

Enamel, 31, 63, 226, 232 
Endolymph, 95, 340 
Endopterygoid. 60, 61, 255, 259 
Endostyle, 7, 9, 24, 141, 343, 366 
Endothelio-chorial placenta, 217 
Enterocoel, 136, 238 
Entypy, 219 
EogyrinuSf 371 
— , ear of, 341 
— , pectoral girdle of, 272 
— , pelvic girdle of, 273 
Eohippus, 391 
Epaxonic muscles, 45, 240 
Epiboly, 135, 148, 206 
Epibranchial, 41, 58, 62, 259 
— placode, 164, 319 
Epidermis. 5, 17, 86. 112, 212, 
220 

Epididymis, 93, 125, 302 
Epigamic characters, 303 
Epigastric vein, 109 
Epiglottis, 121 
Epihyal, 60, 61, 259 
Epiotic, 58, 61, 257 
Epiphyses (of bone), 117, 352, 388 
Epiphysis (of brain), 35 
Epipleur, 10, 142 
Epipterygoid, 88, 254, 259, 388 
Epipubic bone, 260, 274, 390 
Epithelio-chorial placenta, 216 
Epodphoron, 125 
Ekiuus, 391 
Eryops^ 272 
Ethmoid ligament, 41 
Eunotosaurus, 376 
Euparkeria, 379, 383 
Euryhaline species, 351 
Eurypharynx^ 293 
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Eustachian tube, 90, 120, 155, 293 

— valve, 288 
Exciter neuron, 331 

Exoccipital, 57, 61, 76, 87, 100, 113, 
247, 259 
ExoccetuSt 369 

External auditory meatus, 98, 131 

— gills, 155, 156, 166, 292 

■— rectus muscle, 33, 39, 310, 31 1 
Exteroceptors, 314 
Extrabranchiai, 41 

Extra-embryonic coelom, 176, 179, 
214 

Eye, 19. 33, 65, 110, 337, 406 
— , development of, 161 
“ Eye-brain,” 320, 323 
Eye-muscles, 33, 37, 310, 312 
— , development of, 311 

Facial nerve, 22, 37, 39, 63, 83. 115, 
307, 310, 317, 318 
Falciform ligament, 96, 121 
Fallopian tube, 125, 301 
False palate. 114, 120, 255, 296 
Fat-distribution, 112, 238, 359 
Feather, 98 

— , development of. 190 
Feather-sheath, 191 
Femur, 78, 119,260 
Fenestra metotica, 241 

— ovalis, 95, 131, 162, 341 

— prootica, 241 

— rotunda, 95, 131, 162, 341 
Fertilisation, 303, 375 
Fibula, 78, 260 

Fibulare, 78, 260 
Fierasfer, 300 
Filoplume, 100, 193 
” Final common path,” 321 
Fin-ray box, 5, 1 38 
Fissipedia, 278, 391 
Flat fish. 369 
Flocculi, 109, 325 
Foramen lacerum anterius, 115 

medium, 115 

posterius, 115 

— magnum, 23, 115, 401 

— ofMagendie, 130 

— of Monro, 73, 83, 129 

— of Panizza, 287 

— of Winslow, 96, 120,236 

— ovale, 115 

— rotundum, 115 

— triosseum, 102 
Fore-brain. 21, 34 

Frontal. 57. 61, 76. 86, 100, 113, 245, 
259 

Funnel (ciliated), 27, 51, 83, 159, 188, 
301 

Furcula, 102 
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Gall-bladder, 43, 65. 104, 121, 155 
Ganglion, 22, 153, 316 
Ganoin, 223 
Gastralia, 223 

Gastrula, 134, 145, 169, 206 
Genital pore, 28, 300 
Gephyrocercal tail, 68. 281 
Germ-layers, 135, 149, 174, 211,212 
Gibbon, 397 

Gill-pouches, 17, 25, 200, 293, 346, 416 
Gill-slits, 4. 7, 9, 31, 54, 68, 75, 292, 
309. 346, 416 

development of, 139, 155, 185 
Gizzard, 104 
Glands of epidermis, 221 

— of Swammerdamm, 163 
Glenoid cavity, 43, 78 
Glomerulus, 27, 93, 160, 189, 301, 350, 

367 

Glomus, 160 

Glossopharyngeal nerve, 22, 23, 39, 
115, 308. 310, 317, 319 
Glottis. 70. 121 

Glycogen (in placenta), 199, 219 
Gnathostomcs, 31, 367 
GobiesoXf 300 
Gonocccl, 138, 235 
Gonotome, 138, 235 
Goriila, 397 

Graafian follicle, 126, 194, 347 
Graptolitcs, 364 
Greater superficial petrosal, 333 
Great omentum, 120, 238 
Grebe, 385 
Grey crescent, 144 

— matter, 36, 93, 129, 316, 326 

— rami, 332 
Gubernaculum. 126 
Gums, 120 
Gymnophiona. 374 
— , blastopore of, 208 
— , scales of, 223 
Gyri, 129 


Habenular commissure, 35, 1 30 
Hsmal arch, 42, 61, 76, 88, 261 
Hiemo-chorial placenta, 198, 218 
Hemoglobin, 200, 290 
Hair, 112, 222. 387 
— , development of, 201 
Hamuli, 99, 383 
Harderian gland. 133 
Hard palate, 120 
” Hatching enzyme,” 221 
Hatschek’s nephridium, 13, 142 


— pit, 7. 138 
Head-fold, 174 

Heart. 25. 51,66.71. 82. 91,105, 123, 


286 

— , development 


of. 157, 184 
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Heidelberg man, 399 
Hemiazygos vein, 124, 199 
Hemichordata, 363 
Henle’s layer, 202 

Hepatic portal vein, 2, 1 1 , 25, 5 1 , 96, 290 

— sinus, 51 

— vein, 125 
Heptanchus, 293, 410 
— , head of, 309 
Heterocercal tail, 31, 280 
Heterocoelous centra, 101 
Hetcrodont dentition, 116, 227 
Heterodontus, 370 
Hexanchus, 293, 410 

— , head of, 309 
— , skull of, 243 
Hind-brain, 21, 34 
Hippocampal commissure, 1 30, 328 

— cortex, 327 
Hoatzin, 277, 385 
Holoblastic cleavage, 134, 144 
Holoccphali, 370 
Holocephalous rib, 266 
Holostei, 368 

Hominidae, 398 
Hominoidea, 398 
Homocercal tail, 54, 280 
Homodont dentition, 116, 227 
Homology, 409 
Homo neanderthalensis, 399 

— sapiens^ 398 

Homothermous, 348, 350, 360 
“ Honey-comb,” 298 
Horizontal septum, 45, 240, 265 
Horn, 222, 224 
Horny teeth, 17, 166, 233 
Humerus, 78, 102, 272 
Huxley’s layer, 201 
HyJamhaies, 303 
Hylobates, 397 
Hyoid arch, 41, 308, 310 

— segment, 310 

— sinus, 51 

— somite, 307, 31 1 

Hyomandibula, 41, 60, 61, 70, 88, 243, 
257 

Hyomandibular nerve, 39, 317 
Hyostylic javk's, 41, 60, 243 
Hypapophyses, 101 
Hypaxonic muscles, 45, 240 
Hyperdactyly, 278 
Hypcrphalangy, 278 
Hyperpharyngeal groove, 7 
Hypobranchial, 41, 58, 62, 259 
Hypocentrum, 260, 262 
Hypoglossal muscles, 45, 153, 307, 310 

— nerve, 40, 83. 95. 307, 310 
Hypohyal, 60, 61, 259 
Hypophysial cavity, 17, 21, 295, 344 

— fenestra, 241 


Hypophysis, 52, 164, 311, 344 
Hypsodont teeth, 232 
Hypural, 262, 280 
Hyracoidea, 391 

Ichthyophis, 303 

Ichthyopterygium, 272 

Ichthyosaurus^ 379 

— , gastralia of, 223 

— , skull of, 250 

Ichthyostega, 371 

Iguanodon, 380 

Ilio-sciatic foramen, 102 

Ilium, 78, 89, 102, 118, 191, 260, 273 

Implantation, 195 

Incisor, 116, 227 

Incus. 116, 257, 259 

Induction, of lens, 161 

— , of neural tube. 151, 176 

Inferior commissure, 130 

— jugular sinus, 51 

— oblique muscle. 33, 37, 311 

— rectus muscle, 33, 37, 311 

— vena cava, 72, 82, 107, 125, 286 

, development of, 1 59, 1 86 

Inflected angle, 257, 388 
Infra-orbital gland. 120 
Infundibulum, 21, 35. 52, 63, 129, 164, 

344 

Inner mass, 195, 219 
Innominate artery, 107, 123 

— vein, 124 
Insectivora, 218, 391 
Instinctive behaviour, 324 
Intelligent behaviour, 329 
Intercentra, 263 
Interclavicle, 89, 267, 272, 274 
Interdorsal, 23, 42, 260, 261 
Interhyal, 60, 62, 259 
Intermediate cell-mass, 153, 159, 188, 

235, 300 

Intermedium, 78, 260 
Internal carotid, 52, 66, 80, 91, 107, 
123, 156, 283, 289 

— rectus muscle, 33, 37, 310, 311 
Interoceptors, 315 
Interopercular, 60, 62, 259 
Inter-renal, 52. 85, 127, 345 
Interstitial implantation, 195 
Interventral, 260, 261 
Invagination, 134, 148, 172, 206 
Inverted retina, 19 

Involuntary muscle, 45, 234, 315, 319, 
331 

IpnopSf 339 
Iris, 33, 333, 334 

Ischio-pubic foramen, 89, 103, 273 
Ischium, 78. 89. 102, 118, 191, 260, 273 
Islets of Langerhans, 25, 128, 346 
Isopedin, 223 
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Jacobson’s organ, 96, 132, 342 
Jamoytiust 240, 269, 367 
Jaw-muscles, 45. 234, 308, 319 
Jugal, 113, 251, 259 
Jugular vein, 51, 82, 107, 124, 159 

Kiwi, 386 

Kolliker’s pit, 7, 14, 136 

Labyrinthodontia, 223, 226, 246, 374 

Labyrinthodont teeth, 226, 371 

Lacertilia, 379 

Lachrymal, 58, 61, 113, 259 

Lacteal, 290, 298 

Lacunae, 198, 218 

Lamina orbito-nasalis, 241 

— terminalis, 35, 177 
Larvacea, 366 
Larynx, 121, 155, 296 

Lateral abdominal vein, 5 1 , 72, 1 87, 286 

— ganglia, 332 
Lateralis system, 317 
Lateral-line ossicles, 62 

— system, 22, 31, 62, 73, 75, 164, 246, 
317, 340 

, development of, 164 

Lateral mesocardia, 159 

— plate. 2, 22, 153, 174, 234, 308 
Laterosphenoid, 58, 61, 100, 255, 259 
Latimeria, 368 

Lemuroidea, 217, 391, 393 
Lepidosiren, 292, 293, 303, 368 
Lepidosteoid scale, 223 
Lepidosteus, 223, 369 
Upidotrichia, 54, 62, 69, 223. 260, 268 
Lesser omentum, 96, 121, 235 

— superficial petrosal, 333 
Limb, development of, 190 

— , pentadactyl, 75, 78, 272, 371 
Lip, 120 

Liver. 25, 43. 65, 96, 104, 121, 299 

— , development of, 155 

Lophodont teeth, 230 

Lower layer, 169, 196, 209. 21 1 

Loxomma, 346, 371 

Lucifuga, 339 

Lunar, 78, 260 

Lung, 70. 80, 90, 105, 121, 293, 367, 
371 

— , development of, 155, 166 
Lymph, 2W 
Lymphatics, 290 
Lymph-gland, 125, 290 
Lymph-heart, 290 

Macropus, 390 
Macroscelides, 402 
Macula lutea, 339, 404 
Magnum, 1 1 8, 260 
Malleus, 116, 257, 259, 341 


Malpighian corpuscle, 27, 93, 160, 189, 
301 

Mammary glands, 113, 221, 304 
Manarus, neck vertebrae of, 265 
Mandibular arch, 40, 155, 310 

— segment, 37, 310 

— somite, 306, 307. 311 
Maniplics, 298 
Marmoset, brain of. 404 
Marrow, of bone, 290 
Marsupials, 388 

— , placenta of, 214, 216 
— , teeth of, 229 
— , yolk of, 213 
Marsupium, 304, 388 
Mastodon, 392 

Maxilla, 60, 61, 87, 101, 113, 253, 259 
Meckel’s cartilage, 41. 60, 76, 88, 101, 
243, 258 

Mediastinal septum, 120 
Medulla oblongata, 36, 129, 320 
Megapodes, 304, 385 
Meibomian glands, 1 1 3 
Meissner’s plexus. 334 
Membrane-bone, 57, 223 
Meningeal membranes, 1 30 
Mcroblastic cleavage, 169, 206 
Mesencephalon. 34 
Mesethmoid, 57, 61, 113, 259 
Mesocolon, 238 
Mesodermal pouch, 136, 238 
Mesohippus, 391 
Mesomclnum, 195, 238 
Mesonephric duct. 28, 45, 65, 73, 160, 
188 300 

Mesonephros, 28, 45. 65, 73, 83, 93, 
109, 125, 160, 188. 300 
Mesoptetygium, 43 
Mcsorchium, 238 
Mesotarsal joint, 89, 104, 383 
Mesovurium, 238 
Melacaipal, 78, 260 
Mctameric segmentation, 2, 136, 153. 


173, 234, 366 
Metamorphosis, 166 
Metanephros, 93, 109, 125, 18S, 302 
Mctapicural fold, 7, 9. 142 
Mciapierygium, 43 
Mctaptcrygoid, 60. 61, 259 
Metatarsal. 78. 89, 104, 119, 278. 380 
Metencephalon. 34 
Metotic somites, 306 
Mid-brain, 21, 34 
Middle ear, 90, 95, 341 
Mid-gut diverticulum, 7, 139 
Miobatrachu^, 374 
Miohippus, 391 
Mitral valve, 123 
Mixed nerve, 37 
Mixosaurus, 379 
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Moa, 386 
Maritherium, 392 
Molar, 116, 227 
Monimostylic skull, 253 
Monotremes, 388 
— , brain of, 328 
— , mammary glands of, 304 
— , pectoral girdle of, 273, 274 
— , yolk of, 213 
MormyruSf 341 
Morula, 134 

Mosasauria, 256, 278, 379 
Mullerian duct, 45, 73, 83, 93, 109, 

161, 189, 301 

, development of, 161, 189 

Muller’s organ, 6, 142 
Multi tuberculata, 388 
Muscle-buds, 240, 268 
Mustelus, placenta of, 212 
Myclencephalon, 34 
Myocoel, 2. 11, 29, 138, 159, 234 
Myodome, 246 

Myotome, 2, 5, 11, 29, 45, 138, 

175, 234, 306 
MyxinCt ear of, 340 
— , hypophysial sac of, 295 
— . kidney of, 28, 301 
— , pituitary of, 344 

Nasal, 57, 61, 245, 259 

— pit, 54, 163 
Naso-lachrymal duct, 133. 

Navicular, 78, 119, 260 
Neciurux, 167, 356 
Ncopallium. 129, 328, 387, 402 
Neossoptiles, 100 
Ncotcny, 167, 356 
Ncphridia, 10, 13, 27, 142, 364 
Ncphrocal. 2, 27, 235, 300 
Nephrotome, 2, 27, 153, 159, 188, 235, 

300 

Nestling down, 193 
Nestling feathers, 100 
Neural arch, 42, 61, 76, lOI, 261 

— crest, 153, 154, 165, 176, 212 

— fold, 136, 152, 176 

— plate, 136, 152, 176 
Neurobiotaxis, 41 1 
Ncurocranium, 24, 41, 57, 241 
Neuromast organs, 32, 340 
Neuron, 314, 321 
Neuroporc, 14, 136, 177 
Neurula, 152 

Nictitating membrane, 86, 98 
Nidicolous birds, 190 
Nidifugous birds, 190 
Nose, development of, 1 63 
“ Nose-brain,” 320, 323 
No t hare t us, 393 
Nothosaurus, 378 


Notochord, 1, 14. 23, 40, 42. 61, 70, 
212, 261, 364, 366 

— development of, 135, 149, 173, 
196 

Notoryctes, 390 

Oblique septum, 105, 236 
Obturator fissure, 103 
Occipital arch, 241, 309, 410 

— condyle, 76, 88, 101, 113, 247 
Oculomotor nerve, 22, 37, 115, 307, 

310, 333 

Odontoblasts, 165, 226 
Odontoid peg, 88, 117, 264 
GBsophagus, 298 
CEstrus, 194 
Olfactory bulb, 34 

— lobe, 21, 320 

— nerve, 37, 63, 113 

— pit, 7 

— tract, 63 
Omental bursa, 120 

— cavity. 96, 235 
Omphaloidean placenta, 213 
Opercular, 60, 61, 259 
Operculum, of fish, 54, 60, 68, 293 
— , of tadpole, 166 

Ophidia, 253, 379 

Ophthalmic profundus nerve, 37, 307, 
310 

— supcrficialis nerve, 37, 317 
Ophthalmosaurus, 379 
Opisthotic, 58, 61, 259 

Optic chiasma, 34, 130, 338, 404 

— cup, 19, 161 

— foramen, 1 15 

— lobe, 22, 35, 129, 320 

— nerve, 37, 115 

— thalamus, 34, 129, 324 

— vesicle, 19, 161 
Oral hood, 6 

— plate, 200 
Orang, 397 
Orbit. 58 

Orbital cartilage, 241 

— sinus, 51 

Orbitosphenoid, 1 1 3, 259 
Omithischia, 380 
Ornithorhynchus, 388 
— , •• dumb-bell ” bone of. 256 
— , homy teeth of, 222 
— , skull of, 253 
— , temperature of, 349 
Orthogenesis, 413 
Osmotic pressure regulation, 350 
Osteichthyes, 367 
Osteolepis, 368, 371 
— , fins of, 269 
— , nostrils of, 294 
— , scales of, 223 
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Osteokpis^ skull of, 245, 246 
Osteoscutes, 86, 223 
Ostracodcrma, 367 
Otic ganglion, 333 

— process, 69, 76, 243 
Oviducal gland, 48 
Oviduct: see Mullerian duct 
Ovisac, 66, 302 
Ovo-viviparous, 215, 304 
Ovulation, 194 

Paheomastodon^ 392 
Palaeoniscoidea, 368 
Palaeoniscoid scale, 223 
Palceospondvlus, 367 
Palatine, 60, 61, 114, 259 

— nerve, 39, 244, 333 
Pancreas, 25, 43, 121, 299, 346 
— , development of, 155 
Pangolin, scales of, 222 
Panniculus camosus, 113, 222, 240 
Parachordal, 165, 241 
Paranthropus, 398 

Parapineal eye, 21, 340 
ParapUhecus, 396 
Parapsida, 252, 378 
Parasitic males, 369 
Parasphenoid, 57, 61, 69, 76, 87, 100, 
114, 256 

Parasympathetic, 39, 132, 331 
Parathyroid, 84, 127, 346 
Parietal, 57, 61, 76, 86, 100, 113, 246, 
259 

Paroccipital process, 87 
Paroophoron, 125 
Parotid gland, 120 
Patella, 104, 119, 260 
Paunch, 298 
Pecten, 110 
Pelvic bone, 60, 62 

— nerve, 333 
Penguin, 278, 385 
Penna, 98 

Pentadactyl limb, 75, 78, 272, 371 
Peraneles, 390 
— , placenta of, 216 
Periblast, 169 

Pericardlo-peritoneal canal, 45, 235 
Pericardium, 27, 29, 45, 51, 84, 
235 

— , development of, 157, 185 
Perichordal centra, 260 
Perilymph, 95, 341 
Perioesophageal ciliated band, 7, 24 
PeriophthalmuSt 369 
Periotic, 100, 115, 259 
Perissodactyla, 275, 391 
Peritoneum, 2 
Petaurus, 390 
Petromyzpn, head of, 309 
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Petromyion^ homy teeth of, 1 7. 222 
Peyer’s patches, 121, 291 
Phalanges, 78, 102, 260, 272 
Phalarope, 385 

Pharyngobranchial, 41, 58, 62, 259 
PhascolarctoSt 390 
Phascoiomys, 390 

Phoronis, 364 • 

Phrenic nerve, 132 
Pia mater, 35, 1 30 
“ Pigeon’s milk,** 304 
Pigment-cells, 224 
Pigment-layer of eye, 19, 33, 161 
Pila antotica. 241 
Pineal eye, 20, 21, 35, 95, 340 

— foramen, 246 

— gland, 129, 346 
Pinna of ear, 113, 132 
Pinnipedia, 278, 391 
Pipa, breeding of, 303 
Pisiform, 1 19 
Pithecanthropus^ 398 

Pituitary body, 21, 35, 36, 52, 63, 85. 

129 164 194 344 
Placenta, 198, 214, 215, 366, 388 
Placentalia, 388 
Placodes, 164, 317, 319 
Plantigrade, 275 
Plasmodi-trophoblasi. 198 
Plastron, 223 
Platybasic skull. 242 
Platyrrhinae, 395 
Platysma muscles, 1 1 2, 222, 240 
Platytrabic skull. 242 
Plesiadapis, 393 
Pleslanthropus, 398 
Plesiosaurus^ 223, 252, 378 
Pleura, 120 
Pie ur acanthus, 270 
Pleural cavity (of birds), 105, 236 

— — (of mammals), 119, 120, 
237 


ribs, 70, 265 
’leurocentrum, 260, 262 
i^leurodonl dentition, 226 
Fliohippus, 391 
Fliopithecus, 191 
Fliotrema, 293, 410 
Plumule, 100 
Foebrotherium, 392 
Poikilothcrmous, 348, 350, 360 
Poison-fangs, 226, 253 
Polar bodies, 134, 144, 168, 194 
>olyphyodont dentition, 116, 228 
^olypterus, 368 
kidney of, 302 
— , lungs of, 286, 295 
pituitary of. 345 
— , ribs of, 266 
scales of, 223 
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Polypterus, spiracle of» 293 
Polyzoa, 364 
Pons Varolii, 129, 324 
Portal vein, 2, 290 
Post-anal gut, 200 
Post-cleithnim, 60, 62, 260 
Posterior cardinal vein, 27, 51, 72, 82, 
91. 124, 157, 186, 283 

— cervical ganglion, 132, 332 

— chamber of eye, 19 

— commissure, 35, 130 

— intestinal portal, 181, 196 
Post-frontal, 86, 249, 259 
Post-ganglionic fibre, 331 
Post-hepatic septum, 105, 236 
Post-orbital, 58, 61, 249, 251, 259 

— bar, 249, 253, 254, 393 
Post-pubis, 273, 380 
Post-spiracular ligament, 41 
Post -temporal, 58, 62, 260, 271 

— fossa, 248, 254 
Precipitin tests, 354 
Prccoracoid, 78, 260, 273, 274 
Prcdentary, 257, 259, 380 
Predentaia, 257, 380 
Prefiloplumes, 100, 193 
Prefrontal, 58, 86, 100, 259 
Preganglionic fibre, 331 
Prelachrymal fossa, 251 
Premandibular segment, 37, 41, 306, 

311 

— somite, 31 1 

Prcmaxilla, 60, 61, 87, 101, 113, 116, 
259 

Premolar, 1 1 6, 227 
Preopercular, 60, 61, 259 
Preoral gut, 200 

— pit, 138, 142, 311, 344 
Prepenna;, 100, 193 
Prcplumuliae, 100, 193 
Presphenoid, 113, 259 
Pretrematic nerve, 39 

Prevomcr, 57, 61. 69. 76, 87, 255, 
259 

“ Primary ** feathers, 98 

— gill-bars, 10, 142 

— gill-slits, 141 
Primates, 393 

Primitive characters, 15, 414 

— groove, 170, 210 

— knot. 170, 209 

— pit, 170, 210 

— streak. 170, 196, 209 
Prist is, 370 
Proamnion, 176 
Proboscidea, 391 

Proboscis-pores,” 238, 311, 363 
Procamelus, 392 
Processus Folii, 258 
Proccelous centra, 88 


Proconsul, 397 
Proctodsum, 155, 297 
Profundus nerve, 22, 37, 307, 310 
Progestational proliferation, 194, 347 
Pronation, 275 

Pronephric duct, 28, 160, 188, 300 
Pronephros, 28, 160, 188, 300 
Prootic, 57, 61, 248, 259 

— somites, 306, 311 
Propiopithecus, 396 
Proprioceptors, 314 
Propterygium, 43 
Prosencephalon, 34 
Prostate gland, 125 
Proteus, 339 
Protobatrachus, 374 
Protopterus, 293, 303, 368 
Protylopus, 392 

Proven triculus, 104 
Pseudobranch, 52, 293 
Pseudocaudal fin, 54, 280 
Pseudosuchia, 379, 383 
Pseudovilli, 198, 218 
Pteranodon, 380 
Pterobranchia, 364 
Pterosaurs, 223, 251, 267, 379 
Pterotic, 58, 61, 259 
Pterygoid. 76, 87, 101, 1 14. 255, 259 
Pterygo-quadrate, 41, 60, 165, 242 
Pterylae, 98 

” Puberty gland,” 347 
Pubis. 78. 89, 102, 118, 190, 260, 
273 

Pulmo-hepatic ligament, 96, 105, 235 

— recess, 96, 235 

Pulmonary arch, 80, 91, 106, 166, 186, 
289, 310 
Pyloric cteca, 65 
Pyriform cortex, 327 

— lobe, 130 

Quadrate, 60, 61. 69, 76, 87, 101, 132, 
257, 259 

Quadrato-jugal, 101, 251, 259 
Rachis, 98. 191 

Radial, 43, 60, 62, 260, 268, 272 
Radiale, 78, 260 
Radius, 78, 260, 272, 275 
Raia, 239, 351, 370 
Ramus communicans, 331, 332 
Rathke's pocket, 344 
Ratites, 386 
Rauber’s cells. 196, 219 
Recapitulation, 416 
Receptors, 314 
Rectal gland, 43 
Rectrices, 98 

Recurrent laryngeal nerve, 124, 131, 
310 
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“ Red gland,” 65 
Red marrow, 125, 290 
” Red meat,” 102 
Reflex arc, 321 
Reissner’s fibre, 36 
Remiges, 98 

Renal portal vein, 52, 82, 91, 149. 189. 
290 

— vein, 82, 149 
Restiform body, 35 
Reticulum, 298 

Retina, 19, 33, 95, 161, 337 
Rhabdopleura, 364 
Rhea, 386 
Rhina, 370 
Rhinoceros, 391 
— , horn of, 222 
Rhinoderma, 303 
Rhodesian Man, 400 
Rhombencephalon, 34 
Rhynchocephalia, 379 
Rhynchosaurus, 379 
Rib. 42, 61, 70, 76. 88, 101, 119, 260. 
263 

Rodentia, 391 
” Rootless ” teeth, 117, 232 
Rouget-cells, 290 
Rumen, 298 
Ruminants, 298 

Saccule. 33, 131, 341 
Sacculus rotundus, 121 
Saccus vasculosus, 36, 63 
Sacrum, 78, 88, 102, 118, 273 
Salamandra, 80, 288 
Salivary glands, 120, 299 
Salpa, placenta of, 366 
Sauripterus, 272, 368 
Saurischia, 380 
Sauropsida, 278, 287, 381 
Sauroptcrygia, 378 
Scalopus, 217 
Scaphoid, 78. 118, 260 
Scapula, 43, 60, 62, 78, 89, 102, 118, 
260 

Scapular girdle, 271 
Schizoccel, 238 
Sciatic plexus, 84 
Scleroccel, 138 

Sclerotic, 19, 33, 110, 161, 338 
Sclerotome, 138, 154, 234, 262 
Scrotal sac, 113, 120, 125, 302 
Scy Ilium, head of, 309, 410 
Sebaceous glands, 112, 221 
Secondary choana, 120 

— characters, 15 

— feathers, 98 

— gill-bars, 10, 142 

— gill-slits, 141 
Secretin, 299 


Segmental apparatus, 324 
Selenodont teeth, 230 
Sella turcica, 128 
Semicircular canal, 21, 33, 340 

development of, 162 

Seminal vesicle, 45 
Septoraaxill^, 87. 259 
Sero-amniotic connexion, 178, 182. 
219 

Sesamoids, 1 19, 260 
Scymouria, 376 
— , skull of, 247 
— , vertebne of, 263 
Shell of egg, 168, 182, 346, 375 
Shell-membrane, 168, 190, 346 
Sino-auriciilar node, 288 
Sinus tenninalis, 176, 198 

— venosus, 25, 51, 91, 123, 288 
Sirrn, 356 

Sirenia, 391 
Skin, 5, 221 
“ Skin-bnun,” 323 
Sloth, 391 

Smooth muscles, 45, 234, 315, 319, 331 
Soft commissure, 1 30 

— palate, 1 20 
Solea, 369 
Solitaire, 386 
Sollas* centre, 401 

Somatic motor component, 315 

— muscles, 317 

— sensory component, 315 
Somatopieur, 2 

Somite, 2, 136, 153, 175, 234 

Specialised characters, 15, 414 

Spermatic cord, 125 

Sperm-sac, 47 

Sphargis, 378 

Sphenodon, 379 

— , gastralia of, 223 

— , heart of, 287 

— , pineal of, 340 

— , skull of, 251, 253 

— , vei icbrae of, 263 

Sphenopalatine ganglion, 333 

Sphcnotic, 58, 61, 259 

Spinal accessory nerve, 95. 115. 319 

Spiracle, 31, 293 

Spiral valve, 25, 52. 70, 298 

Splanchnic nerves, 332 

Splanchnocecl, 2, 45, 138, 234 

Splanchnocranium, 23, 41, 57, 242 

Splanchnoplcur, 2 

Spleen, 52. 126, 290 

Splenial, 76, 88, 101, 259 

Splint-bones, 275 

Squalus, head of, 309, 410 

Squamata, 379 

Squamosal, 76, 86, KX). 113, 251, 
259 
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Stapes, 116, 257, 259, 341 
Stegocephalia, 371 

— skull of, 246 
Stegosaurus, 380 
Stellate ganglion, 332 
Stenohaline species, 351 
Stereoscopic vision, 339, 407 
Stemebras, 119, 267 
Sternum, 78, 88, 102, 119, 267 
Stomach, 43, 65, 104, 298 
Stomodxum, 155, 297 
Stratum comeum, 1 12, 221 

— Malpighi, 112, 221 
Streptostylic skull, 87, 253 
Striated muscle, 45, 234, 319 

— visceral muscle, 45, 234, 319 
Struthiones, 386 

Styloid process, 116 
Stylo-mastoid foramen, 115 
Subcardinal vein, 186 
Subclavian artery, 52, 123 

— vein, 124 

Subintestinal vessel, 25, 51, 157, 184 
Sublingual gland, 120 
Submaxillary ganglion, 333 

— gland. 120, 333 
Subopcrcular, 60, 62, 259 
Suborbital, 58, 61, 259 
Sucker of tadpole, 165 
Sudoriparous glands, 112, 221, 349 
Sulci, 129 

Superior oblique muscle, 33, 37, 311 

— rectus muscle, 33, 37, 311 

— vena cava, 82, 107, 124, 159 
Supination, 275 
Supra-angular, 88, 256, 259 
Supracleithrum, 60, 62, 260, 270, 272 
Supraoccipital, 57, 61, 113, 259 
Suprarenal, 52, 85, 127, 345 
Suprasegmental structures, 323 
Supratemporal, 86, 251, 259 
Surface-volume ratio, 358 
Sweat-glands, see Sudoriparous glands 
Swim-bladder, 65, 294 
Sympathetic, 37, 132, 331 

— ncrve-chain, 37, 52, 132, 332 

— ganglia, development of, 164 
Symplcctic, 60, 61, 259 
Synapsida, 25 1 , 378 
Synapticula, 11 
Synaptosauria, 252, 378 
Syndesmo-chorial placenta, 217 
Syrinx, 105, 296 

Systemic (aortic) arch, 80, 91, 106, 123, 
166, 186, 289, 310 

Tadpole, homy teeth of, 166, 222 
Tail, 2, 152, 280 
Tapetum, 161 
Tarsioidea, 393 


Tarsius, 218, 394, 404 
Tarso-metatarsus, 104, 190 
“ Taste-brain,” 318, 323 
Tectum synoticum, 241 
Telencephalon, 34, 73, 93 
Teleoptiles, 100 
Teleostei, 369 
Teleostomi, 368 
Temporal cavity, 248 
— • fossa, 86, 249 
Tetonius, 393 
Tetrabelodon, 392 
Thalamencephalon 34 
Thalamus, 34, 119, 324 
Thalattosauh, 278, 379 
Thalattosuchia, 278, 379 
Thebesian valve, 288 
Thecodont dentition, 226 
Theriodonta, 378 

Tneromorpha, 251, 257, 288, 378, 380, 
387 

Theropsida, 278, 288, 381 
Thoatheria, 276, 391 
Thoracic duct, 124, 290 
Thoracico-lumbar outflow, 331 
Thylacinus, 390 
Thylacoleo, 390 
Thymus, 52, 84, 127, 346 
development of, 155 
Thyrohyoid, 116 
Thyroid cartilage, 121, 310 

— gland, 9, 25. 52, 84, 127, 297, 343 
, development of, 155 

Tibia, 78, 89, 104, 119, 260 

Tibiale, 78, 260 

Tibio-tarsus, 104, 190 

TinamUy 384, 386 

Titanotheres, 391, 412 

Tongue, 78, 90, 104, 167, 297 

Tongue-bars, 10, 142 

Tongue of Petromyzon, 17, 25, 297 

Tonsils, 120, 290 

Tomaria larva, 364 

Torpedo, 239, 370 

Trabecula, 165, 241 

Transpalatine, 87, 255, 259 

Transverse process, 76, 101, 117, 263 

— septum, 27, 29, 45, 51, 235 

, development of, 159, 186 

Trapezium, 118, 260 
Trapezoid, 118, 260 
Triassochelys, 376 

— , teeth of, 226 

Triceratops, 380 

Tricuspid valve, 123 

Trigeminal nerve, 22, 37, 115, 307, 310 

Tritubercular teeth, 230, 390 

Trituberculata, 390 

Tritylodon, 387 

Trochanter, 119 
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Trochlear nerve, 22, 37, H5. 307 310 
Trophoblast, 195. 214. 219 
Tropibasic skull. 242 
Tropitrabic skull, 242 
Tnincus arteriosus, 82. 91, 123, 286 
Tubcrculo-sectoriai tooth, 230 
Tuberculum acusticum, 317 
of rib, 117, 266 

Tubule of kidney. 28. 45, 83. 93. 159. 
300 

Tunica vaginalis. 120 
Tupaia, 402 
Turbinals, 115, 259 
Twinning. 305 

Tympanic bulla, 115, 257, 259 

— cavity, 90. 95, 341 

— membrane, 84, 95, 131 
TyroMOsauruSt 379 


Uintatherium, 391 
Ulna. 78. 260, 272. 275 
Ulnare, 78, 2^ 
Umbilical arteries, 187 


- veins, 187, 199 
Umbilicus, 181 
Unciform, 118, 260 
Uncinate process, 101, 266. 38* 
Ungulata, 275, 391 
Unguligrade, 275 
Urea, 52, 301, 305, 351 
Ureotelic, 305 
Ureter, 24, 109, 125, 30*. 

— , development of, 1 89 
Urethra, 125 
Uric acid, 183, 301, 305 
Uricotelic, 305 
Urochordata, 364 
Urodisum, 104 
Urodela, 374 
Uromastix, 348 
Uropygial gland, 98 
Uterus, 125, 302 
— masculinus, 125 
Utricle, 33. 131, 340 


Vasa efferentia. 45^ 73, 83, 93, 160, 188, 
301 

Vegetative pole, 134, 144 
Velum, 7, 24, 142 

— tiansversum, 34 

Ventral aorta, U, 27, 51, 66, 71, 82, 
286 

-nerves. 4. 14, 22, 36,306,316 

— ribs, 70, 265 

Ventricle of heart. 27, 51. 66, 71, 82, 
91. 106, 123, 188, 200, 286 
VentricSofbrain,>5.b.83.93. 129 
Vermiform appendix, 121, 299 ^ 
Vermis, 109, 325 . 

Vertebral plate. 2, 22. 

Vcrtebrarterial canal, 101, 117, 266 

Vestibule, 125 

Vidian nerve, 333 

Villi, of intestine, 121 

— , of trophoblast, 198, 218 

Visceral arch, 41, 157, 234, 308, 310 

-lobe. 318 

— motor component, 315 

— muscles, 45, 234, 308. 319. 331 

— sensory component. 315 _ . 

Vitelline membrane, 134, 144, 169, 194 

— veins, 184, 185 
Vitreous humour, 19 
Vocal cords, 121.2^6 
Voluntary muscles, 45, 234, 319 
Vomer, 114, 255, 256, 259 
Vulva, 125 

Warm-blooded animals, 348 
Webbed feet, 385 
Weberian ossicles, 294, 395 
Wheel-organ, 6, 142 
While matter, 36, 316 

— meal, 102 
___ fnrnj 332 

Wolffian duct, 45, 73, 83, 93, 109, 125, 
160, 188, 301 

Xiphistemum, 119 


i;a5lirnem.22.39. 64,ll5,130.307. 

310, 319. 332 
Valvula, 63, 324 
Varanus. skull of, 86, 256 

temperature of, 348 

Vas deferens, 45, 73, 83, 93, 109, 125, 
161, 188, 301 


spot, 339, 404 
134; 144, 168, 194. 206,213 


Zona pellucida, 194 
— radiata. 168 
Zygapophysis. 61, 76 88 
Zygomatic process, 113 



